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(54) Styrenic block copolymer based hot-melt adheslves 

(57) Disclosed are hot-melt adhesive compositions 
suitable for the manufacture of soft goods. They have a 
melt viscosity of 60.000 oxPgls or less at a temperature 
of 120®C and Include: 

(a) 50 to 150 parts by weight of a styrenic block 
copolymer or mixtures and/br modified and/or 
hydrogenated derivatives thereof: 

(b) 20 to 450 parts by weight of a tackifying resin 
which, when incorporated into a reference compo- 
sition, leads to the following properties: 

a tan 6 value of 3.5 or less, wherein tan 5 is 
defined as the ratio between the loss modulus 
and the storage modulus of said composition 
and 

an elastic retention on spandex fibers (300%) 
or natural latex rUbber (200%) after 4 h at 40''C 
of 70% or more; and 
a crossover temperature of 95''G or less. 

Further disclosed are novel partially hydrogenated 
hydrocarbon resins which are useful as tackifying resins 
and have the following properties: 

(a) a Ring and Ball softening point (R&B) of 50*^0 to 
150*»C: 

(b) a mixed methylcyclohexane aniline doudpoint 
(MMAP) of 10*»C to 75*C; 

(c) a Di-Acetone Alcohol doudpoint (DACP) of 35*C 
or less: 

(d) a molecular weight (Mz) of 10,000 DaKon or less 
and 

(e) a UV absorbance at 268 nm ranging from 2.0 to 
5.0. 
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This invention relates to thermoplastic compositions designed as adhesives. particularly as muitiiDurpose hot-melt 
adhesives. In particular, this invention relates to sprayable hot-melt adhesive compositions which may be used to bond 
or construct articles in the manufacture of disposafc>le soft goods such as diapers, feminine napkins and the like. 

Background of the Invention 



Hot-melt adhesives are thermoplastic compositions which are solid at room temperature. When heated to a liquid 
or molten form, the hot-melt adhesive can be applied to a substrate. If a second substrate is placed on the hot-melt 

IS adhesive before it cools back to a solid, an adhesive bond can be formed joining the two substrates. 

Especially hot-melt compositions based on styrenic block copolymers, tackifying resins, and plasticizing oils, have 
been employed in a wide variety of product assembly applications, mainly in the diaper or feminine napkins production 
for the manufacture of disposable soft goods. A particularly preferred application is their use in bonding lightweight 
materials such as. but not limited to. polyetfiylene or polypropylene substrates to paper, fabric, tissue, non-wovens. pol- 

20 yethylene or polypropylene substrates or to themselves. Specific applications for such prior art adhesives have included 
sanitary napkins, disposable diapers, surgical drapes, adult incontinent products, hospital pads and other products like 
these. 

Multi-purpose adhesive compositions are those adhesives which can be used for more than one application. It 
shoukJ be understood that, for example, in the manufacture of most disposable diapers, today, several different adhe- 
25 sive applications are present These adhesive applications include 

• the use of adhesives in construction, tiiat is. bonding tine polyethylene to the nonwoven and absorbent pad; 

• the use of adhesives for landing strips, tiiat is. bonding a reinforcing layer of a polyolefin film to the polyethylene in 
the area opposite the tape tabs; 

30 • • the use of adhesives for elastic attachment, tiiat is, bonding the elastic material to the polyethylene in either the leg 
and/or waist area; and 

the use of core adhesives. that is. applying an adhesive to the absorbent core to increase the sb'engtti of tiie core. 

• for bonding a non-woven material to the backsheet of a diaper and. 

• as a multi-purpose adhesive. 

35 

The methods of application of these prior art adhesives have included, but are not limited to, spray or wheel appli- 
cation systenns or (multi-bead or slot) extrusion. One of the most critical parameters during the application of tiie hot- 
melt adhesive is the "open-time" of the adhesive. "Open-time" is the time during which the adhesive is applied to a first 
sut>strate and remains sufficiently molten to effect a bond between the first sut>strate and a second sut^strate. 

40 Once the open-time has been exceeded, the second sutDStrate cannot be readily bonded to the first substrate, 
unless the adhesive exhibits a high degree of tack or pressure sensitivity, which, however, manifests itself in poor cohe- 
sive strengtii. Since sufficient cohesive strength of the adhesive is one of the key properties, such adhesives cannot be 
formulated as multi-purpose adhesive compositions. The adhesive must possess suffident cohesive strength to provide 
high bond strength values when subjected to stress, either at ambient or elevated temperatures, so that tiie bonded 

45 parts cannot be easily separated. For example, it is very important that a construction adhesive for disposable soft 
goods maintains its bond not only at room temperature but also at elevated temperatures, that is 38^0 (100*'F). This 
elevated temperature resistance is important because without this characteristic, delamination of the end product 
occurs if the adhesive bond comes into contact with tiie user's skin. Apart from a high level of cohesion, long open-times 
are generally preferred for multi-purpose adhesives. because tiie wettability of tiie system towards the substrate is 

so thereby improved, that is. the molten adhesive is allowed a longer period to spread out onto the substrate, which will 
improve its adhesion to the substrate. 

As an additional criteria, it is necessary that tiie adhesive, upon application, is not absorbed into tiie actual dispos- 
able construction, and that the adhesive bonds not only remain secure, but also flexible even after prolonged periods of 
storage. In addition to requiring heat and oxidation resistance on aging, they should also possess a sufficient bonding 

55 range and must be light or clear in colour. Moreover, since tiie adhesive is applied at high temperatures, excellent odour 
characteristics are required and it is of vital importance that the final compound does not irritate or sensitize the human 
skin to any extent. 

Recently, many disposable garment manufacturers have begun to use spray application techniques. Spray appli- 
cation generally permits contact and ready application to uneven and irregular sur^ces. Because spray application also 



2 



allows for coating of less than the entire surface, spray application can reduce the amount of material used. Spray appli- 
' cation is particularly useful where^^r nrx)isture permeability is desired. In addition there m^^c less risk of thermal 
damage to sut^strates than with c^^Kplication methods. 

Changes in diaper manufactufflghave brought about the development of new hot-melt ^^ives. Diaper manu- 
5 facturers now use thinner gauge polyethylene to manufacture diapers. Not only does thinner gauge polyethylene pro- 
duce a more aesthetically pleasant diaper but it also represents significant cost savings. However, as the gauge of the 
polyethylene is deaeased, the likelihood of a burn through of these thin layers increases. In the past, the lower limit on 
the operating temperature was defined by the temperature at which the hot-melt adhesive could be applied with suffl- 
dently low viscosity for even and proper application. Such t^nperatures were generally in the range of 1 SC'C to 1 SO'^C. 
10 It woukJ be beneficial if hot-melt adhesives could be applied at temperatures of from about 1 20*^0 to about 1 50''C. 

It is therefore one of the objects of the present invention to provide a hot-melt adhesive composition which can be 
sprayed at such low temperatures. 

Styrenic block copolymers are widely used to make hot-melt adhesives for a variety of uses, including diaper 
assembly. These styrenic block copolymers include unvulcanized elastomeric block copolymers wherein the respective 
15 monomeric moieties are arranged in an alternating sequence having the general configuration A-B-A. 

In this configuration, A is a non-elastomeric block derived from styrene, usually refenred to as styrenic "end-block", 
and B is an elastomeric polymer block derived from, for example, isoprene and/or butadiene, usually indicated as. for 
example, isoprene or butadiene "mid-block". This type of block copolymer may also be described as having a branched 
polymerized mid-blocK derived from, for example, isoprene or butadiene, with a polystyrene terminal block at the end 
20 of each branch. 

At temperatures of about ITS^'C or higher, adhesive systems based on styrenic block copolymers usually act as a 
honrx^eneous melt The system is in the so-called "disordered" state. With decreasing temperatures, however, the pol- 
ymer end-blocks, although connected to the elastomeric mid-blocks, have a strong preference to segregate from the 
mid-block phase, because of their inherent thermodynamic incompatibility. The mid-blocks and end-blocks are only 
25 compatible with each other at very high temperatures, such as. for example 1 7S°C. Because of this, the polymer mki- 
blocks and end-bk)cks start to segregate in two discrete phases during the cooling cyde of the adhesive, thereby induc- 
ing, a gradual, but significant increase in viscosity, plateau modulus, and cohesion of the adhesive, which appears to 
be more significant compared wHh systems which remain homogeneous during the cooling cycle. 

It should be understood, however, that the mid-blocks and end-blocks of styrenic block copolymers remain con- 
30 nected to each other over the whole temperature range. 

The segregation of tiie end-blocks is therefore better described by the phenomenon that tiie glassy polystyrene 
end-blocks start to associate into discrete "hard" domain structures, generally referred to as end-block domains. 

This agglomeration process occurs because of their inherent thermodynamic incompatibility with the mid-block 
phase. These end-block domain structures act like a physical crosslink, thereby reducing the mol5ility of the adhesive, 
35 that is. they increase the viscosity, plateau modulus, and cohesive strength of the system. This process is temperature- 
reversible, that is. the domain structures will gradually disappear again when the temperature is increased. The glassy 
styrervc domains will soften and flow under heat and shear, temporarily disrupting the physical crosslink and allowing 
thermc^lastic compounding and fabricatk>n; upon cooling, the domains reform and the elastomeric character is 
restored. The domain formation process Is usually called the "order-disorder transition" of the styrenic block copolymer. 
40 It starts at a specific temperature, that is. the temperature at which the first signs of incompatibility between the polymer 
mid-blocks and end-blocks become manifest. 

The order-disorder transition of tiie system is acconplished gradually during the cooling cycle of the system and 
ends when all styrenic end-blocks have agglomerated into domains, that is. are grouped in an ordered state throughout 
the adhesive. Adhesives with a higher percentage of styrene as a total of the entire compound, usually exhibit a higher 
45 order-disorder transition temperature. 

In some cases, certain tackifying resins are able to delay the order-disorder transition process, especially those 
containing a certain amount of polar or aromatic components, such as, for example, rosin esters, aromatically modified 
aliphatic resins or partially hydrogenated aromatic resins. 

Tackifying resins which delay tiie order-disorder transition process, appear to postpone the significant increase in 
so cohesion and viscosity caused by the mid-block and end-block phase segregation. It is believed that a larger amount of 
the styrenic end-blocks remains mobile in the system, or is presumably still partially compatible with the mid-block 
phase This is highly beneficial for increasing the open-time of adhesives based on such styrenic block copolymers. For 
systems containing resins with only a limited amount of polar or aromatic components, the order-disorder transition 
process is usually completed at temperatures below approximately 45*>C - SC^C. In this case, it is believed tiiat the sty- 
55 rene end-blocks, which are incompatible with the mid-Wock phase at these temperatures, have all agglomerated into 
segregated rigid domains, acting like physical crosslinks which connect tiie polymer mid-blocks, thereby enhancing the 
cohesive strength and increasing the plateau modulus of the system. 

It should be recognized that a higher percentage of styrenic end-block domains in the system will enhance the 
cohesive strength of the adhesive, will raise its plateau modulus and will improve its elevated temperature resistance. 



3 



However, it became evident follo^Mexperimentation that the incorporation of tackifying resin&^rjd/or plaslicizing 
oils containing a significant amounl^^^lar or aromatic components into styrenic block copo^^Kased hot-melt 
adhesives often resulted in a signrfic^^reduced cohesive strength and elevated temperature reiHlm;e of the adhe- 
sive. This effect appeared for all types of styrenic block copolymers, such as, for example, S-B-S (styrene-butadiene- 
5 styrene); (S-B)n (styrene-butadiene-styrene); S-l-S (styrene-isoprene-slyrene); S-V-S (styrene-vinylbutadiene-sty- 
rene); S-EB-S (styrene-ethylene/butylene-styrene); and S-EP-S (styrene-ethylene/lpropylene-styrene) copolymers. 

Although systems formulated with tackifying resins containing a significant amount of polar or aromatic compo- 
nents were found to have adequate adhesion properties In some cases, they showed a disadvantage because of their 
poor elevated temperature creep resistance and relatively low level of cohesive strength. As a result of the foregoing It 
10 was believed that adhesive oomposttions based upon styrenic block copolymers in combination with such tackifying 
resins would not be well suitable for use as multi-purpose adhesives. 

It is therefore another object of the of the present invention to identify a resin useful as a tackifying resin in styrenic 
block copolymer based hot-melt adhesive compositions, which resin maintains or improves the adhesion, wettability 
and open-time of the system without significantiy reducing the cohesive strength and elevated temperature resistance 
IS of the adhesive. 

Hot-melt adhesives based on styrenic block copolymers such as. for example. "Kraton®" thermoplastic rubber are 
said to provide excellent adhesion to non-polar substrates, such as polyethylene, which are commonly used in diaper 
manufacture. Additionally, these adhesives are said to maintain adhesion in elasticity demanding applications such as 
disposable diapers. Relatively low styrene content (from 15% to 24%) styrenensoprene-styrene (S-l-S) block copdy- 

20 mers are said to be useful in adhesives for such applications. 

In addition to the adhesives discussed above, adhesives based on styrene-butadiene-styrene block copolymers, 
such as S-B-S or (S-B)n copolymers, have been suggested for use in the construction of disposable soft goods. Rela- 
tively high styrene content (from 25% to 50%) styrene-butadiene-styrene block copolymers are said to be useful In 
adhesives for such applications. Styrene-butadiene-styrene block copolymers, in particular S-B-S or (S-B)n block 

25 copolymers, or mixtures thereof, are hereafter abbreviated witfi the general designation S-B-S block copolymers. 

The use of S-B-S block copolymers has proved particularly troublesome to the adhesive Industry tn terms of iden- 
tifying a suitable tackifying resin. It has been known in preparing adhesives using S-l-S block copolymers that aliphatic 
tackifying resins may be used witii success. Unfortunately, tfie aliphatic resins, while meeting the requirements for lower 
colour adhesives, do not have adequate compatibility with S-B-S copolymers to form an acceptable adhesive. 

30 It has been found that tiie desired adhesive properties are not present with aliphatic tackifying resins in S-B-S sys- 
tems because of the higher mid-block solubility parameter component of S-B-S copolymers versus S-l-S copolymers. 
While aliphatic tackifying resins, witii relatively low solubility parameters, are compatible witii the mid-block of S-I-S 
block copolymers, they exhibit finrwted compatibility with the mid-block of S-B-S copolymers having a higher solubility 
parameter. The problem is even made worse by the use of oil in many formulations. If a more aromatic tackifying resin 

35 is used, a more conpatible Wend is formed with the S-B-S mid-bloci, particularly in tiie presence of oils. In order to 
maintain sufficient wettability to polyolefinic substrates adhesive compositions employing commercially available S-B-S 
copolymers were formulated with tackifying resins which exhibited a low to medium degree of fonctionality, such as par- 
tially hydrogenated aromatic resins, aromatically modified aliphatic C-5 resins or aromatically modified poiyterpene res- 
ins, thus resins which showed adequate butadiene mid-block compatibility These S-B-S based adhesive compositions 

40 appeared to be improvements over the previously employed adhesives in several important respects, but they also had 
several drawbacks which detracted from tiieir usefulness. 

For example, it was discovered tiiat when an S-B-S based adhesive composition was left in an adhesive applicator 
for an extended period of time, it would rapidly increase in viscosity and ultimately gel thereby making its removal 
extremely difficult. Furtiiermore, adhesive compositions based upon S-B-S copolymers often showed poor adhesion 

45 properties, and did not appear to have sufficient elevated temperature creep resistance to perform well as an elastic 
attachment adhesive, or to bond a roamed elastic waistband to the disposable diaper, as compared with adhesive com- 
positions based upon styrene-isoprene-styrene (S-l-S) block copolymers. Those skilled in the art wilt recognize that it 
is more difficult to tackify S-B-S copolymers than S-l-S copolymers. In this regard S-B-S systems are believed to pos- 
sess a tower degree of adhesion, when compared with S-l-S adhesives. 

so In view of the prior art difficulties with formulating an appropriate multi-purpose S-B-S adhesive, one might think 
that adhesive compositions based upon S-B-S copolymers formulated with highly polar resins Iik6. for example, rosin 
esters, could be suitable for that use. Rosin is a solid material that occurs naturally in the oleo resin of pine trees and 
typically is derived from the oleo resinous exudate of tiie living tree, from aged stumps and from tall oil produced as a 
by-product of kraft paper manufacture. After it is obtained rosin can be treated by hydrogenation, dehydrogenation, 

55 polymerization, esterification, and otiier post treatment processes. Rosin is typically classed as a gum rosin, a wood 
rosin, or as a tall oil rosin depending on its source. The material can be used unmodified, in the form of esters of pdy- 
hydric alcohols, or can be polymerized through tiie inherent unsaturation of the molecules. These highly polar materials 
are commercially available and can be blended into adhesives using standard blending techniques. 

Representative examples of such prior art rosin derivatives, include pentaerythritol esters of tall oil rosin, gum rosin, 
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wood rosin, or mixtures thereof. Adhesive compositions containing such highly polar rosin esters appeared to be 
Inprovements over the previouslN^noloyed adhesives in several important respects, but th^^^ had several draw- 
backs, which detracted from th^^Bulness. For example, rt became evident following exj^^Bntation that resins 
which contain a significant amoui^OTpoIar or aromatic components tended to show a weak^rohesive strength and 

5 less elevated temperature resistance. As a result it was believed that adhesive compositions containing prior art rosin 
esters would not be ideally suitable for use as multiixjrpose adhesives. 

It is therefore another object of the present invention to identify a suitable tackifying resin and provide a hot-melt 
adhesive composition containing same, wherein even in an S-B-S based system the adhesion, wettability and open 
time are maintained or improved without significantly reducing the cohesive strength. 

10 As discussed earlier, long open-times are preferred when the nx)lten adhesive is applied to the sut)strate. Espe- 
cially for application techniques such as spray application of the adhesive, longer adhesive open-times are very impor- 
tant. When the molten adhesive is sprayed, it will be understood that immediately after the adhesive composition is 
extruded through a nozzle, it is picked up by an air stream which transports the adhesive composition to the desired 
substrate. 

15 This method of applying an adhesive tends to reduce the temperature of the adhesive composition, when com- 
pared to otfier application systems, even if the air stream is heated. This fast cooling effect usually induces a substantial 
decrease in the wettability and open-time of the hot melt adhesive. As a result of tiiis. this particular metiiod of applica- 
tion is more aitical with respect to the viscosities and open-times. 

Additionally the adhesive composition is sut)stantially elongated by this process, which further enhemces the cool- 

20 ing effect because the adhesive composition increases in its overall surfece area Because of ttiis cooling effect, ttie 
open-time of the adhesive is markedly decreased, whereby the wettability of the adhesive, and oonsequentiy its adhe- 
sion to the substrate, is significantiy reduced. 

It is therefore an object of the present invention to provide a hot-melt adhesive composition having a longer open- 
time than previously known adhesives based on predominantiy aliphatic resins, particuiariy when applied by a spray 

2S applkation technique. 

In an attempt to improve the cohesion at t)ody temperature of S-l-S based compositions, end-block reinforcing res- 
ins, such as, for example Endex® 155 HydrocartDon Resin, were blended with same. However, these resins appeared 
to deaease tiie specific adhesion of the adhesive compositions to polyolefin sut)sbates and also raised the raw material 
cost of the final adhesive conposition inasmuch as these reinforcing resins are generally quite expensive. 

30 Prior art adhesives containing end-block reinforcing resins also have had the noteworttiy deficiency of an undesir- 
able high viscosity and a reduced wettability and open-time of tiie system, making these systenos unsuitable for spray- 
ing applications. This is shown below in Examples 22 tiirough 25. 

It is therefore another object of the present invention to provide tackifying resins and end-block compatible resins 
offering improved adhesion properties and open-times in styrenic block copolymer k>ased hot-melt adhesive systems, 

35 and additionally providing enhanced cohesive strength at room and body temperature. 

in addition to the adhesives discussed above, it has been suggested that adhesive compositions based upon high 
styrene S-l-S copolymers formulated with stryrenated polyterpene resins and/or highly polar resins like rosin esters, 
could be suitable for use as multi-purpose adhesives. Especially preferred were pentaerythritol esters of tall-oil rosin, 
wood rosin or gum rosin, or mixtures thereof. Relatively high styrene content (from 25% to 50%) styrene-isoprene-sty- 

40 rene block copolymers are said to be useful in adhesives for such applications. Such adhesive compositions appeared 
to be improvements over the previously emptoyed adhesives in several important respects. buX they also had several 
drawbacks, which detected from their usefulness. 

Namely, it became evident following experimentation that resins containing a significant amount of polar or aro- 
matic components tended to decrease the elevated temperature resistance of the final compound significantly. In addi- 

45 tion to this, these resins allowed to obtain only a reduced cohesive strength of the continuous phase of tiie adhesive 
wherein said continuous phase comprises the polymer midblocks. the tackifying resin and the plastidzing oil. Thus, 
although these systems may possess adequate adhesk>n properties, they usually displayed a relatively poor elevated 
temperature resistance and a relatively low cohesive strength. 

Furthermore, hot-melt adhesives t^sed on highly polar resins, especially those based on the conventional rosin 

so esters, tend to have poor odour characteristics in comparison with systems based on hydrogenated resins. Moreover, 
it has been speculated that some systems based on conventional rosin esters may sensitize the human skin to some 
extent It shoukJ be understood tiiat systems based on rosin esters exhibit long open-times and excellent adhesion to 
polyolefinic substrates, but that tiie above mentioned drawt>acks, which detracted from their usefulness, have urged the 
adhesive industry to seek for resins which can replace the conventional rosin est^s in ttieir adhesive formulations. 

55 

OBJECTS OF THE INVENTION 

It is therefore an object of the present invention to replace the conventionally used rosin esters and styrenated pol- 
yterpene resins in styrenic t>lock copolymer adhesive compositions, such as, for example. S-l-S fbrniulations, by tacki- 
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tying resins, which offer comparable ^^lon properties and open-times in S-l-S systems, and ^Wrtionally provide 
enhanced cohesive strength at room^^^ody temperature. In addition, these hot-melt adhesive ^^^sitions should 
exhibit excellent odour characteristicssMa should not irritate or sensitize the human skin to any &cHKF 

It is another object of the present invention to provide improved hot-melt adhesive compositions which are uniquely 

5 suited for the manufacture of disposable soft goods, particularly as a multi-purpose hot-meK adhesives for disposable 
diapers, feminine napkins and the like. They should further be particularly suitable for a spray application technique, 
even under lower temperatures. 

Another object of the present invention is to provide hot-melt const-uction adhesives, teased on styrenic block 
copolymers or mixtures tiiereof. which have a high degree of specific adhesion without simultaneously suffering from a 

10 loss of cohesive strength, either at ambient temperatures or elevated temperatures. Additionally, tiie adhesives should 
possess a sufficient elevated temperature resistance, good wettability, long open-times and no tendency to increase in 
viscosity or gel even under prolonged heat aging at application temperatures. 

Another object of the present invention is to provide hot-melt adhesives which are formulated in either single or 
multi-purpose adhesive products without the need of employing the reinforcing resins which were previously considered 

IS essential. The adhesives should form strong bonds to polyolefin sut)strates. elastic materials, that is. natural rubber 
latex, Lycra® or polyethylene elastic, and tissue and nonwoven substrates. Furtiiermore, they shouM have an improved 
creep resistance as compared to tiie prior art styrenic block copolymer based adhesives employed heretofore. Other 
objects are to provide hot-melt adhesives for the purposes described above and which are durable, easy to apply utiliz- 
ing conventional manufacturing techniques, and which further do not have tiie numerous shortcomings attributable to 

20 the prior art construction adhesives used heretofore. 

A further object of tiie present invention is to provide tackifying resins which impart a high degree of specific adhe- 
sion to styrenic block copolymer based hot-melt adhesives. and additionally provide longer open-times and enhanced 
cohesive strength both at ambient temperatures and elevated temperatures. The tackifying resin should impart these 
positive properties to any styrenic block copolymer based hot-melt adhesive compositfon, particularly to sytems based 

25 on S-l-S. S-B-S, S-V-S and (S-B)n block copolymers. 



SUMMARY OF THE INVENTION 



The above objects are attained by a hot-melt adhesive composition which includes: 

30 

(a) about 50 to about ISO parts by weight of a styrenic bfock copolymer or mixtures and/or modified and/or hydro- 
genated derivatives thereof: 

(b) about 20 to about 450 parts by weight of a tackifying resin which, when incorporated into a reference composi- 
tion consisting of 100 parts by weight of a styrene-isoprene-styrene copolymer having a styrene content of 20-30 

35 % by weight. 250 parts by weight of said tackifying resin, 50 parts by weight of a paraffinic/naphthenic (70/30) 
extender oil and 2 parts by weight of a stabilizer consisting essentially of pentaerytiirityl-tetrakis[3H[3.5-di-tert.butyl- 
4-hydrQxyphenyl)-propionate], leads to the following properties of said reference composition: 

a melt viscosity of about 60.000 mPa.s or less at a temperature of 120**C; 
40 - a tan 5 value of about 3.5 or less, wherein tan 5 is defined as the ratio between the loss modulus and the stor- 
age modulus of said composition; 
- an elastic retention on spandex fibers (300%) or natural latex rubber (200%) after 4 h at 40''C of about 70% or 
more: and 

a crossover temperature of about SS'^C or less. 

45 

Spandex fibers comprise segmented polyurethane comprising linear block copolymers (Lycra® fibers available 
from E.I. du Pont de Nemours & Company. Incorporated). 

In a prefen-ed embodiment the hot-melt adhesive compositions of tiie present invention contain a tackifying resin 
which is a partially hydrogenated hydrocarkx)n resin having the following properties: 

so 

(a) a Ring and Ball softening point (R&B) of about 50*»C to about 150°C; 

(b) a mixed methylcydohexane aniline cloudpoint (MMAP) of about lO'^C to about 75''C; 

(c) a Di-Acetone Alcohol cloudpoint (DACP) of about 35''C or less; 

(cQ a z-average molecular weight (Mz) of about 10,000 Dalton or less and 
55 (e) a UV absorbance at 268 nm ranging from about 2.0 to about 5.0. 

Most preferably, this tackifying resin is a partially hydrogenated aromatic C9 hydrocarljon resin. 
In a further preferred embodiment, the hot-melt adhesive compositions of the present invention further contain a 
vicosity modifying aromatic resin having the following properties: 
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" an R&B softening point of about 50^0 to about 150^0: 

- • anMMAPdoudpdntof abou|^|orless 

- a DACP doudpoint of about d^Vless, and 

- an Mz value of about 15.000 DaRon or less. 

5 

Ttie above numerical ranges indicated for parts by weight of the respective components and for other parameters 
may in some cases be exceeded to a limited extent (generally about ±10%. in some cases even ±20% or more) without 
failing to attain the overall effects of the present invention. The invention should be construed to cover such deviations. 

10 DETAILED DESCRIPTION 

In the following description and examples, all parts and percentages are given by weight unless othenMse indi- 
cated. 

The hot-melt adhesives of the present invention are now described in detail by reference to tiieir composition and 
15 their properties. 

Composition of the Hot-Melt Adhesives of the Present Invention 

Quite generally, the hot-melt adhesive compositions of the present invention, comprise 

20 

(a) a styrenic tAodk copolymer component. 

(b) a tackifying resin. 

(c) optionally, a plastidzing oil. 
(cQ optionally, a stabilizer and 

25 (e) optionally, a viscosity modifying resin. 

The sunounts (in parts by weight) of the individual components in the hot-melt adhesive compositions of the present 
invention are: 

30 (a): about 50 to about 150. preferably about 70 to 125. most preferably approximately 100; 

(b) : about 20 to about 450. preferably about 150 to 300. most preferably approximately 250; 

(c) : about 150 or less. e.g. about 5 to about 150. preferably about 30 to about 100. most preferably approximately 
50; 

(d) : about 4 or less. ag. about 0.1 to about 4. preferably about 0.5 to 3. most preferably approximately 2; 
35 (e): about 100 or less, preferably about 50 or less, nrK)st preferably approxirna^ 

Styrenic Block Copolymer Component (a) 

The Styrenic Block Copolymer Component used in the hot-melt adhesive compositions of the present invention is 
40 any styrene containing block copolymer or mixture thereof, including modified and/or hydrogenated derivatives thereof. 
Examples are S-l-S, S-B-S, S-V-S or {S-B)n block copolymers, or mixtures thereof, induding modified and/or hydrogen- 
ated derivatives thereof, wherein S is styrene, I is isoprene. B is t)utadiene. and V is vinyl isoprene or vinyl butadiene. 
The styrene content is preferably between about 1 0% to about 80% of the total weight of the block copolymer. The end- 
blocks of the copolymer are composed of styrene derived (= styrenic) moieties. The most preferred styrenic block copol- 
45 ymer is an S-l-S block copolymer and an S-B-S bkx:k copolymer. However, the present invention is not limited to these 
types of styrenic copolymers. 

S-l-S Block Copolymers 

50 A preferred multi-purpose adhesive composition of the present invention contains about 1 00 parts of an S-l-S block 
copolymer, including modified and/or hydrogenated derivatives thereof, containing 20 to 28% and preferably 25% sty- 
rene (by weight of the entire block copolymer), about 250 parts of a compatible tackifying resin; about 50 parts by weight 
of a naphtiienic/jparaffinic mineral oil; and 0.5 to 4.0 parts by weight of a suitable antioxidant. 

The S- l-S block copolymer component of the hot-melt adhesives of tiie present invention may be one of two specif ic 

55 dasses: 

(a') An unvulcanized efastomeric block copolymer wherein the respective monomeric moieties are arranged in an 
alternating sequence having the general configuration A-B-A-B-A-B- or A-B-A. 
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(a**) A teleblock copolymer compr^g molecules having at least three branches radially bran ching out from a cen- 
tral hub, each of said branches |^^^ polystyrene terminal blocks and an isoprene segmer^^^ center. 

These two classes are further described below: 
5 In class (a'), A is preferably a non-elastomeric block derived from styrene and B is preferably an elastomertc poly- 

mer block derived ^om isoprene or vinyl Isoprene. 

The non-elastomeric blocks, referred to in both specific copolymer classes (a*) and (a**), which preferably make up 
10% to 80% by weight of the kjlock copolymer may comprise homopolymers or copolymers of vinyl monomers such as 
vinyl arenes. vinyl pyridines, vinyl halides and vinyl cartx5xylates. as well as acrylic monomers, such as aaylonitrile, 
10 methacrylonrtrile. esters of aaylic adds, etc. Monovinyl aromatic hydrocarbons include particularly those of the ben- 
zene series, such as, styrene. vinyl toluene, (alpha)methyl-styrene. vinyl xylene, ethyl vinyl benzene as well as dicyclic 
monovinyl compounds, such as, vinyl naphthalene and the like. Other non-elastomeric polymer blocks may be derived 
from alpha olefins, alkylene oxides, acetals, urethanes etc. Styrene is usually preferred as non elastomeric block. 

The elastomeric block component, referred to in both specific copolymer classes (a*) and (a"), which makes up the 
IS remainder of the copolymer, is preferably isoprene or vinyl isoprene, which may or may not be modified or hydrogen- 
ated, either partially or substantially complete. Selected conditions may be employed, for example, to hydrogenate the 
elastomeric isoprene block, while not so modifying the vinyl arene polymer blocks. 

Other conditions may be chosen to hydrogenate substantially uniformly along the polymer chain, both the elasto- 
meric and non-elastomeric blocks thereof being hydrogenated to practically the same extent which may be either par- 
20 tiai or substantially complete. 

In the present invention, the total concentration of styrene in the block copolymer may range from e.g. about 1 0% 
to about 80% of the total weight of the copolymer. A more prefen-ed range is 20% to 60%. Suitable styrene-isoprene- 
styrene block copolymers for use herein are commerdally available from Enichem Americas under the trade-name 
"Europrene® Sol T*. 

25 The preferred block copolymer for use in the compositions of the present invention is "Europrene® Sol T 1938". 
Other commercially available polymers include, for example, those polymers manufectured under the trademarks 
"Europrene® Sol TE 9407". "Kraton® D-KX 602CS", "Kraton® D-1125". "Vector® 4211" and "Vector® 4411". "Kra- 
ton®" polymers are manufactured by Shell Chemical Company suxi "Vector®" polymers are produced by The Dexco 
Chemical Company. All of these commerdal polymers are further characterized in the Materials & Methods section 

30 below. 

The teleblock copolymer of class (a**) may also be described as having a branched polymerized isoprene mid-bkxd^ 
with a polystyrene terminal block at the end of each branch. Radial block copolymers contain about 10 to GO percent, 
most preferably 25 to 35 percent of interpolymerized units derived from styrene. The number average molecular weight 
(determined by GPC) of the preferred radial Ijlock copolymers is in the range of about 50.000 to 500,000. more prefer- 

35 ably from about 90,000 to about 350.000 and most preferably greater than about 1 60,000. Particularly preferred radial 
block copolymers are isoprene and styrene-based copolymers wherein the polystyrene block molecular weight is 
greater than 12.000 and the polystyrene content is 35 percent or less based on the total weight of the copolymer. 

Mixtures of the above block copolymers, induding modified and/or hydrogenated derivatives thereof, may also be 
used as base copolymer components in the adhesives employed for use in manufacturing disposable soft goods. It 

40 should be understood, however, that adjustment of the range of styrene, that is. the weight percentage of styrene as 
compared with the total weight of the S-l-S copolymer, below 20% or above 28% as specified herein, may produce less 
favorable results in the above suggested preferred formulation though it still is within the scope of tiie present invention. 
Adjustment of the percentage of tackifying resin or plasticizing dl may in tfiat case be advantageous to obtain an 
improved performance. 

45 As will be shown hereinafter, the inventors of the present invention have discovered particularly surprising advan- 
tages when they employed S-l-S copolymers which have, as a percentage of tfie total weight of the copolymers, a sty- 
rene content in the range of about 20% or higher. 

In particular, it was discovered that the hot-melt adhesive compositions according to tiie present invention which 
are formulated with particular tackifying resins as described below display an unusually desirable adhesive perform- 

50 ance with block copolymers having higher styrene contents, in comparison with prior art compositions based on com- 
mercially availakjie non-functional aliphatic 05 resins, partially or totally hydrogenated resins, aromatically modified 
aliphatic resins, styrenated polyterpene resins, and even rosin esters. 

This advantage is obtained without a simultaneous loss of cohesive strength, either at ambient temperatures or ele- 
vated temperatures. This is shown by reference to Examples 1 through 8. 

55 These comparative test results will be discussed in greater detail hereinafter. To better appreciate the surprising 
results achieved by the present invention, it should be understood that, heretofore, such prior art styrenic block copdy- 
mer compounds were not considered particularly useful in hot-melt adhesive compositions for soft goods because they 
exhibited an unusually high viscosity and/or a low cohesive strength, either at ambient temperatures or elevated tem- 
peratures. Therefore, in an attempt to employ these same substances in manufacturing adhesive compositions, those 
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skilled in the art utilized di-Wock sut)Stances. such as, for example. S-l (styrene-isoprene) or S-B (styrene-butadlene) 
di-blocks, especially in. but not lin^dto, SM-S or S-B-S conrtpositions. to reduce the viscosit^Mcceptable levels. 

Though the conrposition of I^^Bsent invention may also contain up to about 30% of <^^P^ substances, such 
as. for example S-l or S-B di-UocK^uch di-blocks are not essential to obtain the effect of the present invention and a 
high tri-block content copolymer is preferred. Di-blocks may be present as an impurity in the manufacture of the styrenic 
block copolymer or may be separately blended with the styrenic l^iock copolymer as a further technique for achieving a 
target polystyrene content or modifying the adhesive properties of the composition. 

While in prior art adhesive compositions, the use of di-bkx:k5 indeed reduced the viscosity, it had several draw- 
t>acks. which detracted from its usefulness, that is, it created other problems such as, for example, it made the adhesive 
compositions less than desirable from the standpoint of elevated temperature resistance The present invention allows 
to obtain the desired cohesive strengths, wettability and open times without using di-t)locks. 

S-B-S, S-V-S and (S-B)n Block Copolymers 

Prefenred S-B-S, S-V-S and (S-B)n multi-purpose adhesive compositions of the present invention contain about 
100 parts of an S-B-S. S-V-S or {S-B)n block copolymer or mixtures thereof (including modified or hydrogenated deriv- 
atives) having a styrene content of about 28 to 45% and preferably 43% by weight of the entire block copolymer, about 
220 parts of a compatible tackifying resin according to the present invention; about 80 parts of a naphthenic/)3araffinic 
mineral oil; and 0.5 to 4.0 parts of a suitatMe antioxidant The S-B-S. S-V-S and (S-B)n block copolymer conponent of 
the hat-melt adhesives of ttie present invention may include: 

A block or multi-block copolymer having the general configuration A-B-A or A-B-A-B-A-B- where the elastomeric 
block (B) is e.g. butadiene or vinyl butadiene and the non-elastomeric block (A) is e.g. styrene. Further, they may be 
linear or branched. Typical branched structures contain an elastomeric part with at least three branches which can radi- 
ate out from a central hub or can be otherwise coupled together. The non-elastomeric blocks, which make up 10% to 
80% by weight of the block copolymer may comprise homopolymers or copolymers of vinyl monomers such as vinyl 
arenes. vinyt pyridines, vinyl halides and vinyl cartxaxylates, as well as acrylic monomers, such as. acrytonitrile. meth- 
acrylonitrile. esters of acrylic adds. etc. Monovinyl aromatic hydrocartx>ns include particularly those of the benzene 
series, such as. styrene. vinyl toluene, (alpha)methyl-styrene. vinyl xylene, ethyl vinyl benzene as well as dicyclic 
monovinyl compounds, such as. vinyl naphthalene and the like. Other non-elastomeric polymer blocks may be derived 
from alpha olefins, alkylene oxides, acetals, urethanes etc. Styrene is usually preferred as non-elastomeric block. 

The elastomeric block component making up tiie remainder of the copolymer is preferably butadiene or vinyl buta- 
diene, which may or may not be modified or hydrogenated. either partially or sufc)Stantially complete. Selected condi- 
tions may be employed, for example, to hydrogenate the elastomeric block, while not so modifying the vinyl arene 
polymer blod^s. Otiier corKlitions may be chosen to hydrogenate substantially unHbrmly along the polymer chain, both 
the elastomeric and non-elastomeric blocks thereof being hydrogenated to practically the same extent, which may be 
either partial or substantially complete. 

In ttie pretended embodiment the total concentration of styrene in the block copolymer ranges from about 10% to 
ak>out 80% of the total weight of tiie copolymer. Suitable styrene-butadiene-styrene block copolymers for use herein are 
commercially available from the Firestone Rubber & Latex Company under the trade-name "Stereon®". 

The preferred block copolymer for use in the compositions of the present invention is "Stereon® 840A". Other com- 
merdalfy availat>le polymers include, for example, those polymers manufactured under the tradennarks "Stereon® 857", 
"Kraton® D-1 102CU", "Rnaprene® 602^ "Rnaprene® 41 r, "Vector® 4261", "Vector® 4461", "Europrene® Sol T 168" 
and "Europrene® Sol TE 6414". "Kraton®" copolymers are nnanufoctured by Shell Chemical Company; "FInaprene®" 
copolymers are produced by Rna Oil & Chemical Company; "Vector®" copolymers are manufactured by The Dexco 
Chemical Company; and "Europrene® Sol T or TE" copolymers are produced by Enichem Chemical Corrpany 

It will also be recognized that mixtures of the above block copolymers, induding mixtures of S-B-S, S-V-S, (S-B)n 
and S-l-S block copolymers, and including any modified and/or hydrogenated derivatives tiiereof, may also be used as 
base copolymer components in the adhesives employed for use in manufacturing disposable soft goods. 

It should be understood, however, that for S-B-S systems, an adjustment of the range of styrene, tiiat is, the percent 
weight of the styrene as compared with the total weight of the S-B-S copolymer, below about 28% or above about 45% 
as specified herein, may produce less favourable results in the above prefen'ed formulation. Adjustment of the percent- 
age of tackifying resin or plasticizing oil may in that case be desirable to obtain a better performance. 

As will become evident hereinafter, the inventors of tiie present invention have discovered particulariy surprising 
results when tiiey employed S-B-S copolymers having as a percentage of the total weight of tiie copolymers, a styrene 
content in tiie range of about 40% or higher. In particular, the inventors have discovered that the hot-melt construction 
adhesive compositions formulated with tackifying resins according to the present invention display an unusually conrtoi- 
nation of high cohesive values and low adhesive viscosities in block copolymers having higher styrene contents, in com- 
parison with prior art compositions based on commerdally available styrenated polyterpene resins and espedally 
compositions based on rosin esters. This is shown by reference to Examples 9 through 21 . 
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tackifying resins which do delay the order-disorder transition of the styrenic block copolymer based adhesive system, 
but which do not. or only to a limited extent associate with the styraiic end-blocks of the polymer, that is, at tempera- 
tures below approximately 45''C - 50^*0. Besides that, the tackifying resin of the present invention have a limited com- 
patibility with the mid-block phase of the styrenic block copolymer, thereby reducing the mobility of tine continuous 
phase of the adhesive, which results in harder adhesives having less tack, but a higher level of cohesion strength, that 
is. at temperatures below about 45^*0 - SO^'C. 

As should be understood, the advantageous effects of the present invention are present with all types of styrenic 
block copolymers, such as, but not limited to, S-l-S, S-B-S. S-V-S and (S-B)n block copolymers, including mixtures 
thereof and including modified and/or hydrogenated derivatives tiiereof. 

Tackifying Resin Component (b) 

The amount of tackifying resin employed in tiie present invention, is preferably from 20 to 450 parts by weight per 
hundred parts (phr) styrenic block copolymer, more preferably from 60 to 300 phr, most preferably from 80 to 250 phr. 

A suitable tackifying resin in accordance with the present invention can be identified by using an S-l-S reference 
conposition. This reference composition consists of 100 parts by weight of a styrene-isoprene-styrene copolymer hav- 
ing a styrene content of 20-30 % by weight. 250 parts by weight of said tackifying resin. 50 parts by weight of a par- 
affinic/naphthenic (70^) extender oil (Ondina® 7047) and 2 parts by weight of a stabilizer consisting essentially of 
pentaerythrityl-tetrakis [3-(3.5-dl-tertbutyl-4-hydroxyphenyO-propionate] (Irganox® 1010). When a tackifying resin 
according to the present invention is incorporated into this reference composition in the above amount, tiien the refer- 
ence conposition exhibits the following properties: 

it has a tan 5 value of about 3.5 or less, wherein tan 5 Is defined as the ratio between the loss nxxiulus and the 
storage modulus of said composition 

- it shows an elastic retention on spandexf ibers (300%) or natural latex rubber (200%) after 4 h at 40^0 of about 70% 
or more; and 

- it has a crossover temperature of about 95''C or less ; 

- it exhibits a melt viscosity at 1 20*'C of about 60.000 mPa.s or less. 

The present Invention is based on tiie finding that any thus identifiable tackifying resin provides the surprisingly 
advantageous effects in a styrenic block copolymer teased adhesive composition as desaibed above, irrespective of tiie 
exact nature of the styrenic block copolymer component (a) and the other components (c) to (e). In other words, the 
tackifying resins of the present invention can universally be employed in any styrenic block copolymer based hot-melt 
adhesive composition with success. 

The metiiods of measuring tan 5. the elastic retention, tiie adhesive viscosity and the crossover temperature will be 
desaibed in the Examples and In section Materials & Methods below. 

Preferably, the tackifying resin of the present invention has a Ring and Ball softening point of from about 50''C to 
at)out 150*»C, more preferat)ly of from about 60**C to about 140*C, most preferably of from about SS^'C to al>out 105*C. 

Regarding its chemical nature, a 'lackifying resin" according to the present invention may include: 

(a) natural and modified rosins, such as. for example, gum rosin, wood rosin, tall-oil rosin, distilled rosin, hydrogen- 
ated rosin, dehydrogenated rosin, dimerized rosin, polymerized rosin and rosin derivatives of esters of polyhydric 
alcohols, including polar or othenMse modified rosins; 

(b) polyterpene resins generally resulting from tiie polymerization of terpene hydrocarbons, such as, for example, 
the mono-terpene known as pinene. in the presence of Friedel-Crafts catalysts at moderately low temperatures; 

(c) copolymers and terpolymers of natural terpenes. e.g. styrene/terpene. (alpha)-methyl styrene/terpene and vinyl 
tolueneAerpene; 

(d) polar or othenvise modified terpene resins, e.g. phenolic-modified terpene resins such as. for example, the resin 
product resulting from the condensation, in an acidic medium, of a terpene and a phenol; 

(e) aliphatic petroleum hydrocarbon resins, the latter resins resulting from tiie polymerization of monomers consist- 
ing primarily of olefins and diolefins; 

(f) aromatic petroleum hydrocartx)ns; 

(g) aliphatic/aromatic petroleum derived hydrocartx>ns; 

(h) polar or otherwise modified aliphatic and/or aromatic petroleum hydrocarbon resins, such as, for example, 
copolymers and terpolymers of petroleum hydrocartwn resins with vinyl monomers, or mixtures thereof, such as 
vinyl arenes, vinyl pyridines, vinyl halides and vinyl cartx)xylates. including particularly those monovinyl aromatic 
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hydrocartxjns of the benzene series, such as, styrene, vinyl toluene. (alpha)-methy1-styrene. vinyl xylene, ethyl vinyl 
. benzene, as well as dicydic n|^^'nyl compounds, such as. vinyl naphtalene and the liko^^vell as acrylic mon- 
omers. such as. acrytonitrild^^Bacrylonitrile. esters of acrylic acids, etc. Other nfKxJi^^^igredients may be 
derived from alpha olefins. all^Rne oxides, acetals, urethanes, natural rosins, phenols, etc. 

5 

Mixtures of two or more of the above descrtoed tackifying resins may be required or advantageous for some formu- 
lations. Also included are (preferably partially) hydrogenated or hydrotreated derivatives of the above resins and any 
mixtures thereof with other (hydrogenated or not hydrogenated. modified or unmodified) resins. Hydrotreated deriva- 
tives are derivatives which were subjected to a catalytic treatment as described in US Patent Na 5.491 .214 to Daugh- 
10 enbaugh et al. 

Partially hydrogenated aromatic resins are preferred as tackifying resins in the present invention. More preferred 
are partially hydrogenated C9 aromatic resins. These are available under the trade-name "Regalite® Hydrogenated 
Hydrocarbon Resin" and "Hercules® MBG Hydrogenated Hydrocartx)n Resin" from Hercules B.V. Chemical Company. 
If desired, resins may be added which improve the elevated temperature resstance of the compound. Such resins 
15 should have a tendency to associate with the styrene portion of the polymer. 

Particularly suitat)le for obtaining the beneficial effects of the present invention are partially hydrogenated aromatic 
hydrocartx>n resins having tiie following properties: 



{a) A Ring and Ball softening point of from about SO^'C to about 1 50°C. more preferably of from about GC'C to about 
20 140'C, most preferably of from about 75*C to about 135*C; 

(b) An MMAP doudpoint of from about 10**C to about 75**C, more preferably of from about 20*C to aboxA lO^'C; 

(c) A DACP doudpoint of maximum 35**C. more preferat)ly of maximum 25**C, most preferably of maximum 15**C: 
(cQ An Mz value of about 10.000 Dalton or less, more preferably of maximum 5.000 Dalton. most preferably of max- 
imum 3.000 Dalton; and 

25 (e) A UV absort>ance at 268 nm (UV alpha) ranging from 2.0 to 5.0, preferably from 2.7 to 3.1 . 

Thus, a prefen-ed hot-meit adhesive composition of the present invention should indude a tackifying resin which 
has an R&B value of eO^C to 1 40*C, an MMAP of 20*C to 70**C, a DACP of 25*C or less; an Mz of 5,000 Dafton or less, 
and a UV absort^ance at 268 nm of 2.7 to 3.1 . An even more preferred tackifying resin of the present invention has an 
30 R&B value of about 75*C to 135"C, an MMAP of about 20'C to 70'C; a DACP of about 15*»C or less, an Mz of 3.000 
Dalton or less and a UV absorbance at 268 nm (UV alpha) of 2.7 to 3.1 . 

The presently most prefen^ed embodiment of the present invention is a partially hydrogenated aromatic C9 hydro- . 
cartx)n resin having the following properties: 

35 R&B softening point (*C) : 100 ± 5"C. e.g. 102*»C 
MMAP(«C) :52±5**C 
DACP (*^C) : 2 + 5^C 

UV-alpha 268 nm : 2.9 ± 0.2 

Mz (Dalton) : 1.500 ±30% 

40 

In the following, a partially hydrogenated aromatic C9 hydrocartx)n resin having the atx)ve properties will be desig- 
nated as Inventive Resin, abbreviated RESIN I. 

The atx)ve mentioned partially hydrogenated aromatic tackifying resins which can be used in the hot-melt adhe- 
sives of the present invention may be produced by polymerization and subsequent hydrogenation of an unsaturated 
45 aromatic feedstream. The feedstream from which the resins are made predominantiy contains monomers having 7 to 
10 cartx>n atoms. The resin feedstream typically includes styrene, alpha-methylstyrene, vinyl toluenes, indene and 
alkyl-substituted indenes as reactive compounds and is polymerized using a suitable Friedel crafts catalyst system. It 
is possible and economically advantageous to use a hydrocart>on feedstream as obtained as a by-product from naptha 
cracking plants. A preferred typical C9 feedstream may contain the followirig main components: 

so 

styrene 3% 
alpha-metiiylstyrene 4% 
vinyl toluene 20% 
indene 22% 
55 alkyi substituted indenes 6% 
related homologues 3% 
trimethyl benzene 10% 
ethyl toluene 15% 
naphtiialene 2-5% 
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dicyclopentadiene (DCPD) <1% 

• A 

The polymerization catalyst can suitable Friedel-Crafts-catalyst and is not particularly ^■Ril. Use can be 
made of BF3. AIBr3« AIF3 and AICI3 and complexes thereof as catalytic components. Aluminium chlorides and/or com- 
5 plexes thereof are most prefen-ed. 

We have found that resins having the above desirable combination of properties can be obtained by hydrogenation 
of petroleum resins obtainable by polymerization of the mentioned aromatic feedstreams. The above preferred embod- 
iment of this invention is. inter alia, based on the finding that the degree of hydrogenation of the aromatic rings is impor- 
tant to achieve the desired compatibility with the other components of the adhesive systems. Generally, a lower degree 
10 of hydrogenation as conventionally used brings about advantageous effects. The hydrogenation may be performed in 
a batch or continuous process. 

Hydrogenation catalysts can be selected from the metals of Groups VIII, VIB. IB and IIB of the Periodic Table and 
oxides thereof. These metals or their oxides can be used alone or in combination. The metals or metal oxides can be 
used directly or can be carried on a suitable support such as silica, alumina, or cart)on. Nickel/zinc oxide on a silica sup- 
is port is most preferred. 

The hydrogenation step may take place in a solution of tiie resin in a suitable hydrocartx)n solvent. The hydrogen- 
ation is earned out with a hydrogen pressure of 20 to 300 bar. preferably 75 to 1 75 bar. A suitable reaction tennperature 
range is about 200*C to 300**C, preferably 250**C to 280**C. The hydrogenation time usually varies from Va to 2 hours, 
preferably about 20 minutes to 1 hour. 
20 Most preferred conditions involve the use of a Ni/ZnO catalyst under a hydrogen pressure of 75 to 1 75 bar and a 
temperature of 250-270**C during 20 minutes to 1 hour. 

When the resins to be hydrogenated are made by polymerizing monomers in the presence of a chlorine containing 
catalyst, the resins are dechlorinated to prevent tiie hydrogenation catalyst from deactivation. 

The resin feedstock is hydrogenated to a level where tiie resultant resin has a UV alpha value at 268nm ranging 
25 from 2.0 to 5.0, preferably from 2.7 to 3.1 . and tiie appropriate MMAP and DACP values to obtain the desired properties. 
Thus, in this prefen^ed embodiment the degree of hydrogenation is a means to control the properties of tiie resulting 
tackifying resin and the adhesive containing same. 

Following hydrogenation the resin can be isolated by conventional stripping technk^ues followed by steam sparge. 

The resultant resins have a molecular weight (Mz) as measured by GPC of about 10,000 or less, preferably of 
30 3,000 or less. 

Plasticlzing Oil Component (c) 

Various plastidzing oils or extending oils also may be present in the adhesive composition of the present invention 
35 in amounts of about 0 to about 150 parts, preferably from sbout 5 to atxxit 150 parts, and most preferably from about 
25 to about 100 parts in order to provide or improve tiie wetting action and/or viscosity control. Commercially available 
plastidzing oils indude. for example, tiiose manufactured under the trademarks, "Shellflex®", "Ondina®" (both pro- 
duced by Shell Chemical Company), Trimol®*, "Rexon®" (Exxon Chemical Corvpany). or "Kaydd®" (Wrtco Chemical 
Company). 

40 The plastidzing oils include not only the usual plastidzing oils, but also naphthenic/^raffinic oils, olefin oligomers 
and low molecular weight polymers, as well as vegetable and animal oil and derivatives of such oils. Plasticizer oils also 
include lk|uid resins as well as mixtures thereof with olefin oligomers and/or low molecular weight polymers. The plas- 
ticizer oils may also be hydrogenated versions thereof. The petroleum derived oils which may be employed are relatively 
high boiling temperature materials containing only a minor proportion of aromatic hydrocartx>ns. In tiiis regard, tiie aro- 

45 matic hydrocartx>ns should preferably be less than 30%, and more particularly less tiian 15%. by weight, of the oil. 
Alternatively the oil may be totally non-aromatic. 

Liquid resin of use in this invention may be any resin having a R&B softening point below the R&B softening point 
of the tackifying resin of this invention. Preferably the liquid resin should have a R&B softening point below 50**C, most 
preferably, the liquid resin has a R&B softening point below ambient temperature (21''C). 

50 The oligomers may be polypropylenes. polybutenes. hydrogenated polyisoprene. hydrogenated butadiene, or tiie 
like having average molecular weights between about 350 Dalton and about 10,000 Dalton. Commerdally available 
plastidzing oligomers indude, for example, those manufactured under the fademarks. "Napvis®", "Hyvis®", which are 
both manufactured by BP Chemical Company or "Amoco Polybutenes®". manufactured by the Amoco Chemical Spe- 
cialities Company. Suitable vegetable and animals oils include glycerol esters of the usual fatty acids and pdymeriza- 

55 tion products thereof. 

Small amounts of petroleum derived waxes may be used as well to confrol or reduce ttie melt viscosity of hot-melt 
construction adhesives. without appreciably decreasing their adhesive bonding characteristics. As should be under- 
stood, each of these wax diluents is solid at room temperature. Among the useful wax gum diluents are: 
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(1) Low molectjiar weight, that is. 1000-6000. polyethylene having a hardness value, as determined by ASlhA 
method D-1 32 1 . of from abou^U to 1 20 and ASTM softening points of from about 65**C^^5**C: 

(2) Petroleum waxes such a^^Bin wax having a melting point of from about SS^'C to Id^^^id microcrystalline 
wax having a melting pdnt ^Wm about 55X to lOO^'C. the latter melting points beiri^^ermined by ASTM 
method D1 27-60; 

(3) Atactic polypropylene having a Ring and Ball softening point of from about 120''C to ISO^'C; 

(4) Synthetic waxes made by polymerizing caitx)n monoxide and hydrogen such as Fischer-Tropsch wax. 

Commerdally available waxes include, for example, those manufactured under the trademarks. "Polywax®" and 
"Uttraflex®". both manufactured by Petrolite Polymers Chemical Company: "Sasolwaks®". produced by SchQmann 
Sasol Chemical Company; "Epolene®". manufactured by Eastman Chemical Company; and "Escomer®*, produced by 
Exxon Chemical Company. Other useful substances include hydrogenated animal, fish and vegetable fats and oils such 
as hydrogenated tallow, lard, soya oil. cottonseed oil, castor oil, menhadin oil. cod liver oil. etc., and which are solid at 
ambient temperature by virtue of their being hydrogenated. have also been found to be useful with respect to function- 
ing as a wax diluent equivalent 

These hydrogenated materials are often refenred to in the adhesives industry as "animal or vegetable waxes'*. Addi- 
tonally. hydrocartx)n oils, especially naphthenic or paraffinic process oils, may also be enployed herein as the wax dilu- 
ent Optiorally, these materials may be incorporated into the adhesive composition of the present invention in the form 
of a coating to improve the handling characteristics of the adhesive composition. 

Stabilizer Component (d) 

Optional components of the present invention are stabilizers which inhibit or retard heat degradation, oxidation, 
skin formation and colour formation. Stabilizers are typically added to the commerdally available compounds in order 
to protect the conposrtions against heat degradation and oxidation during tiie pr^>aration. and high-temperature stor- 
age of the adhesive composition. Additional stabilizers known in the art may also be incorporated into the adhesive 
conposition. These may be for protection during ttie life of the disposable article against, for example, oxygen, ozone 
and ultraviolet radiation. 

The stabilizers which can be used in the hot melt adhesive compositions of the present invention are incorporated 
to help protect the otiienwise vulnerable styrenic blod< copolymer and thereby the total adhesive composition, from a 
deleterious thermal and oxidative degradation which is frequently experienced by other similar copolymers during the . 
manufacture and application of adhesive compositions utilizing same, as well as In the ordinary use of tiie final manu- 
factured product. As should be understood, such degradation usually manifests itself by the deterioration of the adhe- 
sive conposition in appearance, physical properties and performance. 

Among the most useful stabilizers are high molecular weight hindered phenols and multifunctional phenols, such 
as sulfur and phosphorous-containing phenols. In this regard, hindered phenols are known to those skilled in the art 
and may be characterized as phenolic compounds which also contain sterically bulky radicals in dose proximity to the 
phenolic hydroxyl group thereof. 

In particular, tertiary butyl groups generally are substituted onto tiie benzene ring in at least one of the ortho posi- 
tions relative to the phenolic hydroxyl group. The presence of these sterically txjiky sut>stituted radicals in the vidnity of 
the hydroxyl group is believed to retard its stretching frequency and con-espondingly. its reactivity. This steric hindrance 
is believed to provide tiie phenolic compounds witti its stabilizing properties. Representative hindered phenols indude: 

1.3.5- trimethyl-2,4,6-ti'is(3.5 di-tertbutyl-4-hydroxybenzyl) benzene; 

pentaerythritol tetrakis-{3(3,5 di-tert.butyl-4-hydrQxyphenyl) propionate]; n-octadecyl-3-(3,5-di-tert.butyl-4-hydroxy- 
phenyi) propionate; 

4,4'-metiiylenebis (4-methyl-6-tert tnjtylphenol); 

4,4'-thiobis(6-tert-butyl-o-aesol); 

2,6-di-tert-butylphenol; 

6-(4-hydroxyphenoxy)-2,4-bis(n-octytthio)-1.3,5-triazine: 

2.4.6- tris(4-hydroxy-3.5-di-tert-butyl-phenoxy)-1 .3,5-triazine; 
di-n-octadecyl-3.5-dl-tert-butyl-4-hydroxybenzylphosphonate; 
2-(n-octylthio)ethyl-3,5-di-tert-butyl-4-hydroxy-benzoate; and . 
sorbitol hexa-[3,3,5-di-tert-butyl-4-hydroxy-phenyl)-propi6nate]. 

Espedally preferred as a stabilizer is pentaerythritol tetrakis-[3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate]. 
The periormance of tiiese stabilizers may be furtiier enhanced by utilizing, in conjunction therewith; 

(1) synergists such as, for example, thiodipropionate esters and phosphites; and 
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(2) chelating agents and metat deactivators as. for example, ethylenediaminetetraacetic acid, salte t hereof, and dis- 
alicylpropylenediimine. 

Commercially available stabilizers include, for example, those nnanufactured under the trademarks. "Irganox®". 
5 "Naugaid®". "Anox®", and "Ultranox®". These stabilizers are manufactured by respectively Ciba-Geigy Chemical Co.; 
Uniroyal Chemical-Co.; Enichem Chemical Co.; and General Electric Chemical Co. 

These stabilizers, if used, are generally present in anrK)unts of >0 to about 4, preferably about 0.1 to about 4. more 
preferably about 0.2 to 1 .5 percent, and most preferably 0.25% to 1 .0%. 

10 Preparation of the adhesive composition of the present invention . 

All adhesive compositions of the present invention can be prepared by blending the conponents at an elevated 
temperature, preferably between ISO'^C and 200''C. until a homogeneous blend is obtained, for usually less than three 
hours. Various methods of blending are known and any method that produces a homogeneous blend is satisfactory. 

IS A representative example of such a procedure involves placing all of the oil and stabilizer substances in a jacketed 
mixing kettle, and preferably In a jacketed heavy duty mixer of the Baker-Perkins or Day type, which is equipped with 
rotors, and thereupon raising the temperature of this mixture to a range of from about 120''C to ISO^'C. As should be 
understood, the precise temperature to be used in this step will depend on the melting point of the particular ingredi- 
ents. When the initial mixture, noted above, has been heated, the mixture is blanketed in CO2 at a slow flow rate and 

20 the resins described above, are slowly added. When the resins are molten, and at the desired temperature, the block 
copolymer Is added to the mixture. The resultant adhesive composition mixture Is agitated until the block copolymer is 
completely dissolved. A vacuum is then applied to remove any entrapped air. Optional additives may be Incorporated 
into the hot melt construction adhesive compositions in order to modify particular physical properties. These additives 
may include, colourants, such as titanium dioxide: and fillers such as talc and day. etc. 

25 

Properties and usage of the Adhesives of the Present invention 

The styrenic k)lock copolymer based hot-melt adhesives employing the tackifying resins of the present invention 
have a low viscosity, excellent application characteristics arxi are well suited for multi-purpose use as construction or 
30 elastic attachment adhesives, or both. 

The resultant adhesives may thus be used in a wide variety of product assembly applications, mainly in the diapers 
or feminine napkins production. A particularly prefenred applicatton is their use in bonding lightweight materials such as, 
but not limited to, polyethylene or polypropylene substrates to paper, f^ic. tissue, non^ovens, polyethylene or poly- 
propylene substrates, or to themselves. An additional advantage of the adhesive of the present invention is tiiat it can 
35 be effectively applied by spray or wheel application systems or multi-bead or slot extrusion. The hot-melt adhesive com- 
positions are particularly well-suited for spray applications. 

The hot-melt adhesive compositions of the present invention contain a tackifying resin which delays the order-dis- 
order transition of the styrenic biock copolymer based adhesive system, but does not, or only to a limited extent, asso- 
ciate with the styrenic end-blocks of tiie polymer, that is, at temperatures below approximately 45°C - 50**C. Besides 
40 that, the tackifying resin of tiie present invention has only a limited compatibility with the mid-block phase of the styrenic 
block copolymer. Thus, It can Impart the advantageous adhesive and cohesive properties to a hot-melt adhesive com- 
position containing same as described above. 

The invention is further Illustrated by way of tiie following examples. 

45 EXAIVIPLES 

All examples containing compositions based on S-l-S block copolymers are formulated according to the general 
composition: 

50 



S-l-S copolymer 


100 parts 


Tackifying Resin 


250 parts 


Ondina® 7047 (paraffinic/naphthenic oil) 


50 parts 


Irganox® 1010 (stabilizer) 


2 parts 



This general composition is also useful as a reference composition to identify a useful tackifying resin according to 
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mutated according 



5 



Polymer 



100 parts 
220 parts 

80 parts 



10 



Taddfying Resin 
Ondina® 7047 
Irganox® 1010 



2parts 



Examples 1 to 8 illustrate the effects of varying the properties of the taddfying resin on the adhesive properties and 
IS the rheological behavior of a standard S-l-S based hot-melt adhesive. Examples 9 to 21 illustrate the effects of varying 
the properties of the tackifying resin on the adhesive properties and rheological behavior of a standard S-B-S, S-V-S or 
(S-B)n based hot-melt adhesive. 

The resin developed according to this invention is generally called RESIN I as mentioned above. Further abbrevi- 
ations and materials as well as the methods of measuring the properties listed in the tables will be explained in the sec- 
20 tion Materials & Methods below. 

In tables 1 to 21, tiie first block of figures relates to some properties of tfie tackifying resin used (such as R&B. 
MMAP. DACP and the like), while the remainder relates to properties measured in the final hot-melt adhesive composi- 
tion. 

25 Example 1 

Table 1 shows the effect of the degree of hydrogenation of a preferred group of tackifying resins on the properties 
of the resin and on the performance of S-l-S t>ased hot-melt adhesives containing Europrene® Sol T 193B as the sole 
polymer. Resins with a decreasing degree of hydrogenation exhibit an increasing content of aromatic structures indi- 
go cated by increasing UV-alpha values and reduced MMAP doudpoints. The results show an increase in resin function- 
ality, indicated by lower DACP doudpoints. with decreasing levels of hydrogenation. : 

As indicated eariier certain tackifying resins are able to delay the order-disorder transition process of the polymer, 
espedally those containing a certain amount of polar or aromatic components. The results of table 1 indicate clearly 
that resins witii a lower degree of hydrogenation appear to postpone the significant increase in adhesive viscosity, 
35 caused by tiie mid-block and end-btock phase segregation. The delay in the order-disorder transition of the styrene end- 
blocks of the polymer is demonstrated by an explicit decrease in adhesive viscosity, especially at lower temperatures 
such as 120*'C, for compositions containing resins having decreasing MMAP doudpoints and increasing UV-alpha val- 
ues; as well as lower SAFT and 70*'C shear values, which indicate an increasing mobility of the end-blocks at temper- 
atures above about 45-50°C. It also became evident fdlowing the experiments of table 1 tiiat tiie selected hydrogenated 
40 C9 resin samples did not assodate witii the styrenic end-t)locks of the l>lock copolymer at temperatures below approx- 
imately AS-SO^'C. that is, tiiey completely assodate with tiie isoprene mid-blocks of the block copolymer at ttiese tem- 
p^tures. The test results indicate an increasing hardness, thus a reduced mobility of the adhesive, with decreasing 
levels of resin hydrogenation. An assodation of the resin with the end-block domains of the polymer would have 
increased the mobility of tiie system. Lower peel, loop tack, and needle penetration values for higher UV-alpha resins 
45 demonstrate the increasing hardness of the adhesive composition. A decreasing degree of resin hydrogenation also 
reduces the compatibility of the resin with the isoprene mid-blocks of the polymer, which results in a higher cohesive 
strengtti of tiie continuous phase of tiie compounded S-l-S adhesive system. Increasing shear values for higher UV- 
alpha resins at room temperature and at 40*^0 dearly indicate this behavior. 

so Example 2 

Because of tiie requirements for nonwoven hot-meft adhesives, described in the prior art and according to the 
results of table 1. laboratory sample C, having a UV-alpha value around 3, and the lowest viscosity at 120'C, was 
regarded to have the best balance of properties. A novel development resin according to the properties of this preferred 
55 sample C was produced on a larger (plant-trial) scale. This is RESIN 1. 

Table 2 shows the effect of RESIN I in comparison with several commercially available tackifying resins, which pos- 
sess a lower functionality, on the performance of S-l-S based hot-melt adhesives containing Kraton® D-KX 602CS as 
the sole polymer. 

The results clearly indicate tiie best balanced adhesive performance for the system based on RESIN I. tx^tii at low 
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and high temperatures. _ 

To obtain hot-meft adhesives wi^^^erior wettability, adhesion, and long open-times, the should have a 

high degree of mobility at temperatur^BBove about 45*C - 50**C; that is. especially at those tem^BHres at which the 
adhesive bond is established: from about 80**C to about 120**C. Lower adhesive viscosities, especially at 120*C, lower 
SAFT and shear properties, that is, at temperatures above about 45*'C - 50"C, and a lower adhesive softening point 
usually indicate a higher degree of mobility for the system at the above mentioned temperatures. In this respect, the 
results from table 2 show the best performance for systems based on RESIN I or ECR® 179A. 

At temperatures below approximately 45**C - 50°C, preferably, the tackifying resin should not associate anymore 
with the styrenic end-blocks of the block copolymer, that is, it would be highly benif idal for the cohesive properties of 
the system when the resin only associates with the isoprene mid-blocks of the block copolymer at these temperatures. 
Moreover, the cohesion of the system would inaease. when the compatibilrty of the resin with the polymer mid-block 
would be decreased to some extent, thereby reducing the mobility of the continuous phase of the adhesive. Lower peel 
values, loop tack values and needle penetration values indicate an increasing hardness, thus a reduced mobility of the 
adhesive system at room temperature. A higher cohesion of the system, at temperatures below approximately 45*C - 
50**C. is illustrated by higher shear values at 23*»C. 40**C, and 45**C. 

In this respect, the test results from table 2 clearly indicate the superior performance of the systems based on 
RESIN I and Regalite® S 260 Hydrogenated Hydrocarbon Resin. Although ECR® 179A shows good performance at 
high temperatures, it increases the mobility of the system at temperatures below about 45^C - SO'^C to a much higher 
extent than, for example Regalite® S 260 Hydrogenated Hydrocarbon Resin, and especially RESIN I. According to 
these results RESIN I appears to be the best resin to deaease the viscosity of hot-melt adhesive compositions which 
employ S-l-S block copolymers, or mixtures thereof, without a simultaneous loss of cohesive strength, either at ambient 
temperatures or elevated temperatures, that Is. temperatures up to about 45''C - 50''C. 

Example 3 

Table 3 shows the effect of RESIN I in comparison with several commercially available tackifying resins, which pos- 
sess a lower functionality, on the performance of S-l-S based hot-melt adhesives containing Europrene® Sol T 193B 
as the sole polymer. Like in Example 2 the results clearly indicate the best balanced adhesive performance for the sys- 
tem based on RESIN I. both at low and high temperatures. 

Example 4 

Table 4 displays the effect of RESIN I in comparison with several commercially available tackifying resins, which 
possess a lower functionality, and one laboratory resin sample (Sample F), having a higher functionality, on the appli- 
cation performance of S-l-S based hot-melt adhesives containing Kraton® D-KX 602CS as the sole polymer. The adhe- 
sives were all sprayed onto PE using a Nordson controlled f iberization unit (add on level approximately 20 g/cm^) and 
bonded to standard nonwoven material. Lyaa® and Natural rubber latex elastic attachments were made using the 
sametechnKiue. 

Superior adhesive performance is symbolized by high PE-nonwoven peel values and a low percentage of creep, 
i.e. a high percentage of elastic retention. The results indeed indicate a superior creep performance for the systems 
based on resins possessing a higher functionality, such as RESIN I and Sample F The adhesive based on RESIN I 
clearly exhibits the best peel results. The PE-nonwoven bond was so strong (>9) that both substrates were completely 
disrupted. 

Example 5 

Table 5 shows the effect of RESIN 1 in comparison with several commercially available tackifying resins, which are 
lower, equal, and higher in functionality, on the performance of S-l-S based hot-melt adhesives containing Europrene® 
Sol T 193B as the sole polymer. Although the systems based on Piccolyte® HM 106 Synthetic Resin and Permalyn® 
61 10 Rosin Ester respectively exhibit an equal and higher functionality compared with RESIN 1. the results clearly dem- 
onstrate the best balanced adhesive performance for the system based on RESIN I, both at low and high tenperatures. 

Systems based on Piccolyte® HM 106 Synthetic Resin exhibit too high viscosities at 120*^0 to ensure perfect wet- 
tability Compositions based on Permalyn® 6110 Rosin Ester exhibit low viscosities and good wettability at high tem- 
peratures, but their cohesion performance below temperatures of about 45''C - SO^'C. is clearly inferior compared with 
the adhesive based on RESIN I Also in comparison with the other resins, the results clearly indicate superior adhesive 
performance for the system based on RESIN I. 
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Example 6 

Table 6 illustrates the effect I in comparison with Regalite® S 260 Hydrogenj|^^^rocaftx>n Resin. 

which is somewhat lower in functionality, on the performance of hot-melt adhesives l>ased on four different S-l-S t^Iock 
5 copolymers, which mainly differ in percentage of styrene. Due to its unique chemical structure RESIN I is more at\e to 

delay the order<nsorder transition of the styrene end-blocks of the polymer, than is Regalite® S 260 Hydrogenated 

Hydrocart)on Resin. This effect is clearly illustrated by the lower SAFT values, lower shear values at 70**C, and espe- 

dally the significantfy lower viscosities at 120*^0 of the systems based on RESIN I. 

The above mentioned differences appear to be more apparent for systems based on higher styrene content poly- 
10 mers. The results of table 6 display a superior adhesive performance for systems based on RESIN I. Lower peel values, 

loop tack values and needle penetration values for the system teased on RESIN I indicate a harder adhesive, having a 

reduced mobility and thus a higher cohesion at temperatures below 45 - 50*^0 
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Examples 7 & 8 
Rheological evaluations 



Dynamic Mechanical Analysis (DMA) is a convenient method of quantifying the mobility and end-block solidity in 
terms of visco-elastic k}ehavior of hot-melt adhesives. The results of a dynamic mechanical analysis of hot-melt adhe- 
20 sives can be displayed in rheological diagrams which may help to illustrate, in three different curves (G*. G" and Tan S). 
the visco-elastic behavior of the system. 

Tan 6 is the ratio between G". the loss modulus of the system (i.e. the measure of viscous strength, or the ability to 
dissipate deformation as viscous motion), arvi G*. the storage modulus of the system (i.e. indicating strength, hardness 
and elastic memory) and reflects the balar^e of visco-elastic behavior. With this technique an impression can be 
25 obtained of the interaction between resin and elastomer over a wide temperature range. 

Especially at those temperatures where the final bond must perform well, that is, from about O'^C up to about 45°C 
- 50"C. it was found that higher G* values and lower tan 5 peak values correspond to a reduced mobility, symbojizing a 
harder ^hesive, exhibiting a lower degree of tack and higher cohesive strength. It was further found that the cross-over 
temperature between G' and G" (tan 5 = 1) can be used to evaluate the adhesive viscosity at high temperatures. Lower 
30 cross-over temperatures indicate longer open-times and better wettability characteristics. 

Tables 7 and 8 show the effect on the rheological performance of adhesives based on RESIN 1 in comparison with 
systems based on several commercially available tackifying resins, which are lower, equal, and higher in functionality. 

The rtieological performance of these resins Is compared in two different S-l-S based hot-melt adhesives, contain- 
ing, respectively. Kratori® D-KX 602CS and Europrene® Sol T 193B as tfie sole polymer. 
35 Although the ^ems based on Piccolyte® HM 1 06 Synthetic Resin. Pemnalyn® 6110 Rosin Ester, ECR® 368LC, 
respectively exhibit a similar or higher functionality compared with RESIN 1, the results clearly demonstrate the best bal- 
anced adhesive performance for the system t>ased on RESIN I. both at low and high temperatures. 

The adhesives based on Piccolyte® HM 106 Synthetic Resin, ECR 368LC and the Regalite® Hydrogenated 
Hydrocarix)n Resins exhibit a higher cross-over temperature arxj their G' values at tenperatures below about 45*^0 - 
.40 50**C are dearly lower compared with the adhesive based on RESIN 1. Lower G* values can also be found for the sys- 
tems based on Pennalyn® 61 10 Rosin Resin and ECR® 179A. 

Also the signif icantiy lower tan S peak value of the RESIN I system, togetiier with its higher tan 8 peak temperature, 
lead to a lower mid-t>lock compatibility for this resin, that is. a reduced mobility of the corrtinuous phase of the adhesive, 
which manifests itself in a higher cohesive strength for the system. 
45 Moreover, in corrparison with tiie other resins, the results explicitly display a superior arxJ best balanced adhesive 
performance for the hot-melt systems based on RESIN I. 

Example 9 

50 Table 9 shows the effect of RESIN I in comparison with several commercially available tackifying resins, which pos- 
sess a lower, equal, or higher functionality, on the performance of (S-6)n based hot-melt adHesives containing Ster- 
eon® 840A as tiie sole polymer. 

Although the systems based on Piccolyte® HM 106 Synthetic Resin and Permalyn® 6110 Rosin Ester respectively 
exhibit a similar or higher functionality compared with RESIN I, the results explidtiy demonstrate a superior adhesive 
55 performance for the system based on RESIN 1, t)oth at low and high temperatures. 

The composition based on Piccolyte® HM 106 Synthetic Resin exhibits a too high viscosity at 120**C to ensure 
superior wettability The system based on Permalyn® 6110 Rosin Ester exhibits low viscosities and good wettability at 
high temperatures, txit its cohesion performance below temperatures of at>out 45**C - 50^0, is lower compared with tiie 
adhesive based on RESIN I. Furthermore, the lower needle penetration value of the adhesive based on RESIN I indi- 
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cates a harder adhesive having a highg^el of cohesion at temperatures below 45 - 50*C. Also in comparison with the 
ofher resins, the results clearly indic^^^ best balanced adhesive performance for the system Mj^n RESIN 1. 

Example 10 

5 

Table 10 shows the effect of RESIN I in comparison with several commercially available tackifying resins, which 
possess a lower functionality, on the performance of S-V-S based hot-melt adhesives containing Stereon® 857 as the 
sole polymer, A comparison of the performance of RESIN I with resins having an equal and higher functionality in Ster- 
eon® 857 systems is listed in table 16. 

10 The system based on RESIN I exhibits the lowest viscosities, indicating good wettability at high temperatures, and 
its cohesion performance below temperatures of about 45*^0 - SC'C, illustrated by higher shear values, is mostly higher 
conrpared with the adhesives based on the other Regalite® Hydrogenated Hydrocartx)n Resins. The adhesive based 
on RESIN I also exhibits the lowest needle pentration value, which indicates a harder adhesive at room temperature, 
having a higher level of cohesive strength. 

75 The results dearly indicate the best balanced adhesive performance for the system based on RESIN I. 

Example 11 

Table 1 1 shows the effect of RESIN I in comparison with several commerdally available tackifying resins, which 
20 possess a lower, equal, or higher functionality, on tiie performance of S-B*S based hot-melt adhesives containing Euro- 
prene® Sol TE 641 4 as the sole polymer. 

Although ihe systems based on Piccdyte® HM 1 06 Synthetic Resin and Permalyn® 6110 Rosin Ester respectively 
exhibit an equal and higher functionality compared with RESIN I, the results explicitly demonstrate a best balancedad- 
hesive performance for the system based on RESIN I, tiiat is, tx)th at low and high temperatures. 
25 The system based on Piccolyte® HM 106 Synthetic Resin possesses significantiy higher viscosities at 120'' C and 
less wettability. The other compositions exhibit low viscosities and good wettability at high temperatures, but except Pic- 
colyte® HM 106 Synthetic Resin, the cohesion perfomnance below temperatures of about 45^C - SO^'C. is clearly lower 
compared with the adhesive based on RESIN 1. The adhesive composition based on RESIN I again shows the lowest 
needle penetration value. 

30 Also in comparison with tine other resins, tiie results clearly indicate tfie best t>alanced adhesive performance for 
the system based on RESIN 1. 

Example 12 

35 Table 12 illustrates tiie effect of RESIN I in comparison with Regalite® S 260 Hydrogenated Hydrocarbon Resin, 
which is somewhat lower in functionality, on the performance of hot-melt adhesives k>ased on four different S-B-S block 
copolymers, which mainly differ in percentage of styrene. 

Due to its unkiue chenru'cal structure RESIN I is more able to delay the order-disorder transition of the styrene end- 
blocks of polymer, than is Regalite® S 260 Hydrogenated Hydrocartran Resin. This effect is dearly illustrated by tiie 

40 lower SAFT values, lower shear values at 70''C. and tfie mostly lower viscosities at 120**C of the systems based on 
RESIN I. At temperatures below approximately 45*'C - 50'*C, RESIN I also appears to exhibit superior adhesive perform- 
ance. This is explicitly demonstrated by the lower loop tack values and the higher shear values at 23'*C and 40''C for tiie 
systems based on RESIN I. The atxjve mentioned differences appear to be more apparent for systems based on higher 
styrene content polymers. The results of table 12 display the best balance in adhesive performance for systems based 

45 on RESIN I. 

Examples 13, 14, 15 & 16 
Rheological evaluations 

so 

Tables 13. 14, 15 and 16 show the rheological performance of adhesives based on RESIN I in comparison with sys- 
tems t^sed on several commercially available tackifying resins, which are lower, equal, and higher in functionality. The 
rheological performance of tiiese resins is compared in three different S-B-S based hot-melt adhesives and one S-V-S 
composition, containing, respectively, Stereon® 840A, Europrene® Sol T 168. Finaprene® 417. and Stereon® 857 as 
55 the sde polymer. 

Although tiie systems based on Piccdyte® HM 106 Synthetic Resin and Permalyn® 61 10 Rosin Ester respectively 
exhibit a similar or higher functionality compared with RESIN I, the results explicitiy demonstrate the best balanced 
adhesive performance for tiie system based on RESIN I, both at low and high temperatures. 

The adhesives based on Piccolyte® HM 106 Synthetic Resin and the Regalite® Hydrogenated Hydrocartxjn Res- 
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ins exhibit a higher cross-over temperature and their G* values at tenperatures below about 45**C - 50^*0 are dearly 
lower compared with the adhesive^ged on RESIN I. Lower G* values can also be found for th^^stems based on Per- 
malyn® 6110 Rosin resin. 

Having a significantly lower ISf^peak value, the RESIN I system shows a reduced mol^ of the continuous 
phase of the adhesive, which manifests itself in a higher cohesive strength for the system. Moreover, in comparison with 
the other resins, the results explidtly display a stperior and best balanced adhesive performance for the hot-melt sys- 
tems based on RESIN I. 



TaWe 1 



Effect of degree of hydrogenation (S-l-S Polymer: Europrene® Sol T 193B) 
Feeds: Partially hydrogenated aromatic C9 resins. 


Sample: 


A 


6 


C 


D 


E 


MDSP (»C) 


105.4 


105.9 


106.4 


106.0 


106.8 


R&B spt.f'C) catc. 


98.6 


99.0 


99.5 


99.1 


99.9 


UV-a^ha268 nm 


1.03 


1.99 


3.17 


4.02 


5.06 


MMAP («»C) 


70 


61 


51 


40 


30 


DACP f'C) 


30 


14 


-2 


-18 


-24 


Colour (Gardner) 


0.1 


0.1 


0.3 


1.1 


2.6 


Peel adhesion (N/25 
mm) 












to Steel (23*»C) 


30.4 


33.3 


10.0 


2.6 


# 


to PE (23«C) 


6.3 


7.0 


1.1 


0.1 


# 


Loop tack (N/25 mm) 












to Steel (23*^0) 


45.4 


38.5 


12.2 


0 


# 


toPE(23*C) 


20.2 


6.9 


3.0 


0 


. # 


Needle Penetration 












(23*»C. dmm) 


105 


98 


65 


23 


. 11 


Shear to steel (minutes) 












(23«C. 2.5 kg) 


2.142 


6.926 


18,192 


>20.000 


# 


(4(rC, 2.5 kg) 


106.5 


247.2 


301.2 


118.8 


# 


C7(rC. 0.5 kg) 


96 


51 


23 


27 


# 


Shear to PE (minutes) 












(40«C. 1 kg) 


2.585 


2.080 


9.323 


7.457 


# 


SAFT (0.5 l^.'^C) 


83 


78 


72 


71 


# 


Viscosity (mPa.s) at: 












180 ^'C 


1,890 


2,060 


2.150 


2.240 


2,180 


160 


4.050 


4.100 


4.550 


4.590 


4.410 


140 


13.800 


10,700 


11.250 


11.280 


.11.300 


120 


57.000 


39.600 


37.850 


39.800 


40.200 


# : Adhesive was not coated and could not be tested like a tape, because the adhesive 
composition was too hard and possessed insufficient tack at room temperature. 
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Table 2 



Adhesive performance of five different resins (S-l-S Poiymer: Kraton® D-KX 602CS) 



5 


Tackifying Resin 


Regalite® R 101 


Regalite®S101 


Regalite®' S 260 


RESIN 13 


ECR^ 179A 




R&B spt (^C) 


98.9 


99.1 


100.4 


102.8 


101.5 




UV-a!pha 268 nm 


0.35 


0.68 


2.30 


2.87 


1.66 


10 


MMAP (^C) 


79 


73 


. 66 


54 


49 




DACP (*C) 


42 


38 


17 


2 


33 




Peel adhesion (N/25 mm) 












IS 


to Steel (23'C) 


32.8 


34.3 


36.2 


17.3 


33.6 


to PE {23**C) 


7.8 


6.9 


7.0 


4.1 


9.1 




Loop tack (N/25 mm) 














to Steel (23*»C) 


43.2 


43,2 


21.1 


17.8 


23.0 


20 


to PE (23°C) 


12.1 


9.0 


7.8 


1.4 


11.4 




Needle Penetration 














(23«C, dmm) 


104 


102 


97 


73 


97 




Shear to steel (minutes) 












25 


(23«C, 2.5 kg) 


2,406 


2.521 


>81,500 


>88,000 


8,202 




(40«C, 2.5 1^) 


137 


125 


269 


651 


145 




{45*C, 1.0 kg) 


2.459 


6,237 


>50.000 


33,201 


12.515 


30 


(50«C. 1.0 kg) 


1.466 


1.834 


10.574 


975 


676 




(60X. 0.5 kg) 


7.953 


>20.000 


1.562 


206 


132 




(70*C, 0.5 kg) 


290 


206 


62 


37 


31 


35 


Shear to PE (minutes) 












(40«C. 1 kg) 


4,304 


10,855 


39.617 


44,664 


41.000 




SAFT (0.5 kg.^C) 


88 


86 


80 


77 


70 


40 


R&B spt («C) (of adhe- 
sive) 


108.4 


103.8 


94.1 


90.1 


90.4 




Viscosity (mPa.s) at: 














180 •C 


2,020 


2,050 


2,290 


2,280 


2.580 




160 ^'C 


4.350 


4.360 


4.730 


4.850 


5.040 


45 


140 


13.900 


12.540 


12.980 


13.000 


12.360 




120*^0 


126.000 


76.400 


49.400 


46.500 


38.500 



so 



55 
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Table 3 





Adhesive perforrranfl 


TOf four different resins (S-l-S Polymer: Europrene® So 


ffl93B) 


5 


Tackifying Resin 


Regalrte® R 101 


RegaIite®S 101 


Regalite® S 260 


RESIN 1 




R&B spt. (*»C) 


inn s 


ini n 

lU I.U 


1 m 7 
1U 1./ 


102.8 




UV-a^ha 268 nm 


n 


U.bd 




2.87 


10 


MMAP (^C\ 


80 


74 . 


61 






UAUr ["U; 


A7 


OQ 
OO 


H o 
lO 


2 




i CCI civil ICOIUI 1 ^Iv^v/ 












mm) 










15 


to Steel (23*C) 


26.5 


29.8 


23.4 


6.5 




to PE (23*C) 


6.4 


6.6 


4.2 


0.9 




IjOOP tack (N/25 mm) 










20 


to Steel (23*»C) 


53.0 


28.3 


31.2 


8.6 


to PE (23*'C) 


1.8 


2.4 


6.1 


0.2 




Needle Penetration 












(23«C. dmm) 






85 


69 


25 


Shear to steel (minutes) 












(23*»C.2.5I^) 


3480 


3530 


>1 0,000 


>10.000 




(WG 2.51^) 


94 


92 


377 


225 


30 


(7(rC. 0,5 kg) 


264 


149 


57 


45 




Shear to PE (minutes) 












(4<rC. 1 kg) 






4.309 


6.699 




SAFT(0.5 kg.«C) 


83 


85 


78 


73 


35 


Vtsoosity (mPa.s) at: 












180*0 


2.080 


2,130 


2.290 


1,990 




160 *>C 


4,540 


4,420 


4.800 


4.320 


40 


140 


19,250 


13.860 


13.300 


11.000 




120 »C 


218.800 


110.600 


47.100 


38.700 



45 



SO 



21 



Table 4 



5 


Application data of sprayed compositions based on four different resins (S-l-S Pol- 
ymer: Kraton® D-KX 602CS) 




Tackifying Resin 


Regalrte® S 101 


Regalite® S 260 


RESIN 1 


Sample F 




R&B spt. (°C) 


102.6 


102.3 


102.8 


101.8 


10 


UV-a)pha 268 nm 


0.66 


2.16 


2.87 


3.5 


MMAP CC) 


76 


66 


54 


47 




DACP rC) 


39 


17 


2 


-4 




Spiral Spray Bond Strength: Peel Adhesion (PE-Nonwos^en. N/25 mm) 


IS 


Peel Average 


4,1 


4.8 


5.8 


5.1 




Peel Maximum 


6.0 


7.4 


>9 


7.8 




Comments 


15% FT/N W 


5%FT/NW 


Total 


10% FT/N W 


20 




85% AF/NW 


95% AF/PE 


Substrate 


45% AF/NW 








Failure 


45% AF/PE 


25 


FT/N W = Fiber tear from nonwoven 
AF/NW = Adhesion failure from nonwoven 
AF/PE = Adhesion failure from polyethylene 




Spiral Spray Elastic Retention pn %) on Lycra® (Creep resistance PE-Lycra® -Nonwo- 
ven 300%) 




(40^'C. 1 hour) 


80 


89 


93 


95 


30 


(WC. 2 hours) 


72 


81 


89 


91 




(WC. 3 hours) 


65 


74 


87 


90 




(40«C, 4 hours) 


61 


68 


86 


88 


35 


Spiral Spray Elastic Retention (in %) on Latex (Creep resistance PE-Latex-Nonwoven 

200%) 




(4a*C. 1 hour) 


71 


76 


81 


85 




(40«C. 2 hours) 


66 


73 


80 


82 


40 


(40«C. 3 hours) 


62 


73 


79 


80 




(40«C. 4 hours) 


60 


72 


79 


80 




Spiral Spray Elastic Retention (in %) on Latex (Creep resistance PE-Latex-Nonwoven 

300%) 


45 


(40*»C, 1 hour) 


42 


59 


71 


74 




(40*»C, 2 hours) 


41 


52 


70 


72 




(40«C. 3 hours) 


40 


49 


69 


71 




(40*'C. 4 hours) 


40 


46 


68 


71 



so 
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Tables 



Adhesive performaree of five different resins (S-l-S Polymer: Europrene"^ SoiT 193B) 



Tackifying Resin 


RegaIite®S260 


RESIN 1 


PIccolyte® HM 106 


Permalyn® 6110 


ECR® 368LC 


R&Bspt (^C) 


101.7 


102.8 


107.1 


101.8 


102.1 


UV-aloha 268 nm 




2.87 


1.83 


1.69 




MMAr 


bl 




CO 

53 


0 


62 




18 


a 


in 


-Q7 


17 

1 r 


I CCl QUI IwOlwl I ^Iv&v 

mm) 












to Steel (23»C) 


23.4 


6.5 


38.2 


34.1 


33.5 


to PE {23*'C) 


4:2 


0.9 


1.2 


0.9 


8.3 


Loop tack (N/25 mm) 












to Steel (23*»C) 


31.2 


8.6 


30.1 


35.2 


53.1 




6 1 


0 2 


1 n 


1 'y 


1 ft 
1.0 


Needle Penetration 












(23 C, dmm) 


00 


69 


81 


97 




OlICCll lU 9it3d ^IIUII' 

utes) 












(23*'C. 2.5 kg) 


>10.000 


>1 0.000 


4.723 


5.274 


4,051 


(40«C. 2,5 kg) 


377 


225 


184 


92 


90 


(70*»C. 0.5 kg) 


57 


45 


69 


23 


91 


Shear to PE (minutes) 












(40-C. 1 kg) 


4,309 


6,699 


6.729 


5.486 




SAFT(0.5 kg«C) 


78 


73 


78 


65 


78 


Viscosity (mPa.s) at: 












180 °C 


2.290 


1.190 


2.590 


1.720 


2,270 


.160 X 


4.800 


4.320 


5.150 


3.340 


4,740 


140 *»C 


13,300 


11,000 


13.600 


7,740 


12,700 


120 •C 


47,100 


38.700 


61,400 


23,650 


74.000 



45 



SO 



SS 
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Table 6 





Adhesive performance of two different resins in four different S-l-S copolymers 


5 


Taddfying Resin 


Regalite® S 260 


RESIN i 


Regalrte®S260 


RESIN i 




R&B spt. CC) 


100.4 


102.8 


100.4 


102.8 




UV-alpha 268 nm 


2.30 


2.87 


2.30 


2.87 


10 


MMAP (OC) 




66 


54. 


66 


54 




DACP (**C) 




17 


2 


17 


2 




Polymer: 


Europrene® Sol TE 9407 (35% 
styrene) 


Kraton® D-KX 602CS (23% sty- 
rene) 


IS 


Loop tack (IM/25 mm) 












to Steel (23*»C) 


24.2 


4.8 


21.1 


17.8 




Needle Penetration 










20 


(23**C, dmm) 




55 


97 


73 




Shear to steel (minutes) 












(70X, 0.5 kg) 


247 


41 


62 


37 




SAI=T(0.5kg 


.**C) 


85 


77 


78 


74 


25 


Viscosity (mPa.s) at: 


160 


3,080 


2,900 


4.730 


4,850 






140 °C 


9.900 


8.900 


12.980 


13.000 






120 


62.000 


39.300 


49,400 


46,500 


30 


Polymer: 


Vector® 421 1 (29% styrene) 


Vector® 441 1 (44% styrene) 




Ljoop tack (N/25 mm) 












to Steel (23»C) 


19.4 


7.0 


2.6 


0.1 




Needle Penetration 










35 


(23*»C. dmm) 




63 




27 




Shear to steel (minutes) 












(70X. 0.5 kg) 


143 


19 


620 


88 


40 


SAFT(0.5kg 


.**C) 


82 


75 


87 


81 




Viscosity (mPa.s) at: 


160 "C 


3,870 


4.020 


2,425 


2,550 






140*^0 


11.100 


10.600 


7,960 


7.840 






120 


52.600 


42.900 


54.000 


39.600 



45 



SO 
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Table? 



Rheological dalSW live different resins (S-l-S Polymer: Kraton® D-KX 602CS) 



Tackifying Resin 


RegaIite®R101 


RegaIite®Sl01 


Regalite® S 260 


RESIN 


lECR® 179A 


R&B spt (X) 


98.9 


99.1 


100.4 


102.8 


101.5 


UV-alpha 268 nm 


0.35 


0.68 


2.30 


2.87 


1.66 


MMAP CC) 


79 


73 


66 


54 


49 


DACP (^'C) 


42 


38 


17 


2 


33 


tan 5 Peak 












Temperature (*C) 


20.2 


21.2 


22.2 


26.7 


21.9 


Value 


4,78 


4.68 


3.79 


2.56 


3.91 


G'at23**C (kPa) 


99.2 


107.0 


156.0 


450.0 


126.0 


G'at38»C (kP&) 


34.1 


34.2 


41.5 


62.0 


37.0 


G*al49"C(kPa) 


26.4 


26.4 


315 


40.0 


28.1 


G'at70»C(kPa) 


23.0 


22.6 


23.9 


24.5 


20.9 


Cross-over 












Temperature (*C) 


106.5 


102.8 


92.4 


87.3 


85.3 



Tables 



Rheological data of five different resins (S-l-S Polymer: Europrene® Sol T 193B) 


Tackifying Resin 


Regalite® S 260 


RESIN 1 


Piccolyte® HM 106 


Permalyn®6110 


ECR® 368LC 


R&B spt. f»C) 


101.7 


102.8 


107.1 


101.8 


102.1 


UV-alpha 268 nm 


2.29 


2.87 


1.83 


1.69 




MMAP CO 


61 


54 


53 


3 


62 


DACPfC) 


18 


2 


10 


-97 


17 


tan S Peak 












Temperature {*C) 


22.9 


28.4 


25.5 


26.5 


20.9 


Value 


3.91 


2.53 


4.51 


4.57 


4.86 


aat23X (kPa) 


210.5 


602.0 


126.9 


34.3 


109.7 


G'at38*C{kPa) 


44.8 


70.1 


40.3 


25.5 


36.3 


G'at49"C(kPa) 


33.4 


39.2 


28.4 


22.9 


27.9 


G* at 70'»C (kPa) 


24.6 


22.4 


21.3 


11.7 


21.6 


Cross-over 












Temperature (*C) 


93.0 


88.2 


97.6 


79.1 


97.1 
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Tables 





Adhesive performance of five different resins (S-B-S Polymer: Stereon® 840A) 


5 


Taddfying Resin 


Regalite®S101 


Regalite®S260 


RESIN 1 


Piccolyle® HM 106 


Permalyn® 6110 




R&BsptfC) 


102.6 


102.3 


102.8 


107.1 


101.8 




UV-alplia 268 nm 


0.66 


2.16 


2-87 


1.83 


1.69 


10 


MMAP (^C) 


76 


66 


54 . 


53 


3 




DACP (**C) 


39 


17 


2 


10 


-97 




reel aanesion (N/i:o 
mm) 












IS 


to Steel (23''C) 


20.8 


21.2 


15.6 


27.6 


20.5 




to PE (23*'C) 


3.2 


9.6 


8.7 


10.1 


9.1 


20 


l^op tack (N/25 
mm) 












to Steel (23''C) 


17.3 


35.1 


30.6 


35.1 


29.9 




to PE (23*C) 


4.8 


16.9 


15.3 


11.2 


8.2 




Needle Penetration 












25 


{23*C, dmm) 


133 


121 


105 


127 


126 




Shear to steel (min- 
utes) 














(23*C, 2.5 kg) 


413 


533 


670 


700 


524 


30 


{40*»C. 2.5 kg) 


28 


43 


64 


90 


46 




(70*»C, 0.5 kg) 


19 


37 


37 


50 


30 


35 


Shear to PE (min- 
utes) 












(40*»C. 1 kg) 


238 


224 


593 


1.736 


575 




SAFT (0.5 kg.^'C) 


57 


71 


70 


73 


67 




Viscosity (mPa.s) at: 












40 


180 


1.930 


1.880 


1.910 


2.190 


1.810 




160 


3,780 


3.470 


3.620 


4,500 


3.340 




140 X 


12,040 


8.550 


8.150 


14,000 


7,160 




120 *C 


82.600 


31,100 


26.350 


59.800 


19.050 



45 



SO 
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. Table 10 





Adhesive perf^ff 


ance of four different resins (S-V-S Polymer: Stereon" 




5 


Tackifying Resin 


Regalite® R 101 


Regalite® S 101 


Regalite® S 260 


RESIN 1 




R&B spt (*»C) 


101.5 


102.6 


102.3 


102.8 




UV-alpha 268 nm 


0.30 


0.66 


2.16 


2.87 


10 


MMAP ('U) 


81 


76 . 


66 


54 




DACP (*C) 


44 


39 


17 


2 




Peel adnesion (N/2o 
mm) 










15 


to Steel (23*»C) 


23.1 


273 


17.2 


7.9 




to RE (230C) 


1.1 


2.3 


1.7 


0.8 




Loop tack (N^5 mm) 










20 


to Steel (23»C) 
to RE (23*»C) 


21.5 
10.8 


32.7 
11.0 


8.9 
70 


4.1 
1.3 




Needle Penetration 












(23**C, dmm) 


106 


113 


101 


80 


25 


Shear to steel (minutes) 












(23*C. 2.5 kg) 


1,664 


2 870 




3,428 




(40*C, 2.5 to) 


90 


163 


277 


318 


30 


(70*C.0.5I^) 


34 


48 


72 


56 




Shear to RE (minutes) 












(40*'C. 1 kq) 


3,471 


3.320 


1 AQ1 


8,387 




SAFT (0.5 ka.^'C) 


76 


78 


83 


79 


35 


Viscosity (mRa.s) at: 












180 «C 


1.140 


1.090 


1,160 


1,100 




160 •C 


3,140 


2.520 


2,220 


2.100 


40 


140 


21,200 


11.650 


6,680 


5,580 




120*^0 


340,000 


145.400 


36.800 


25,200 



45 



55 
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Table 11 





Adhesive performance of four different resins (S-B-S I^lymer: Europrene® Soi TE 6414) 


5 


Tackifying Resin 


Regalite®S260 


RESIN 1 


Piccolyte® HM 106 


Permalyn®6110 




R&Bspt(*C) 


102.3 


102.8 


107.1 


101.8 




UV-alpha 268 nm 


2.16 


2.87 


1.83 


1.69 


10 


MMAP {°C) 


66 


54 


. 53 


3 




DACP CC) 


17 


2 


10 


-97 




Peel adhesion (N/25 
mm) 










IS 


to Steel (23»C) 


13.6 


13.0 


21.5 


18.7 




to PE (23*C) 


9.0 


7.5 


4.0 


7.9 




Loop tack (N/25 mm) 










20 


to Steel (23^C) 


23.7 


21.5 


20,4 


28,6 


to PE (23X) 


24.2 


12.8 


7,6 


9.2 




Needle Penetration 












(23*'C, dmm) 


80 


74 


86 


89 


25 


Shear to steel (minutes) 












(23*'C, 2.5 kg) 


794 


7.247 


4.264 


10.153 




(40*»C. 2.5 kg) 


64 


291 


344 


170 


30 


(TO^'C. 0.5 kg) 


47 


39 


72 


23 




Shear to PE (minutes) 












(40'*C. 1 kg) 


749 


911 


2.968 


716 




SAFT(0.5kg.«C) 


78 


77 


80 


75 


35 


Viscosity (mPa.s) at: 












180 °C 


1.120 


1.210 


1.320 


1,120 




160 °C 


2.240 


2.330 


2.660 


2,130 


40 


140 °C 


5.080 


5.530 


6.730 


4.880 




120 •C 


18.750 


18,350 


30.750 


13.920 



45 



50 
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Table 12 




Adhesive performance of two different resins in four different S-B-S copolymers 



.TacWfying Resin 


Regalite® S 260 


RESIN 1 


Regalite® S 260 


RESIN 1 


R&B spt. (**C) 


100.4 


102.8 


100.4 


102.8 


UV-a!pha 268 nm 


2.30 


2.87 


2.30 


2.87 


MMAP CO 




66 


54 


66 


54 


DACP («C) 




17 


2 


17 


2 


Polymer: 


Europrene® Sol TE 6414 (40% 
styrene) 


Rnaprene® 602 (40% styrene) 


Loop tack (N/25 mm) 










to Steel (23X) 


26.5 


23.0 


33.7 


23.6 


Sliear to steel (minutes) 










(23*C, 2.5 1^) 


412 


3.464 


516 


3,111 


(40*^0. 2.5 kg) 


48 


174 


45 


504 


(70**C. 0.5 kg) 


50 


12 


15 


27 


SAFT(0.5kg,«>C) 


75 


74 


74 


69 


Viscosity (mPa.s) at: 


160*^0 


2.225 


2,460 


3.140 


3.420 




140 '^C 


5.430 


5.840 


8,890 


8,470 




120 


21.400 


20.400 


38,000 


30,600 


Polymer: 


Vector® 4261 (29% styrene) 


Vector® 4461 (43% styrene) 


Loop tack (N/25 mm) 










to Steel (23°C) 


23.9 


18.7 


25.5 


23.2 


Shear to steel (minutes) 










(23«C. 2.5 kg) 


3,464 


>1 0.000 


547 


>1 0,000 


(40*»C, 2.5 1^) 


47 


53 


25 


305 


(70*C, 0.51^) 


15 


4 


18 


6 


SAFT(0.5I^ 


.'C) 


72 


69 


72 


73 


Viscosity (mPa.s) at: 


160 '^C 


5.740 


6,210 


2.620 


2.870 




140 


12.880 


14.200 


6.680 


6.850 




120 *C 


38.400 


40,600 


24.850 


24,500 



50 



55 
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Table 13 



Rheologlcai data of five different resins (S-B-S Polymer: Stereon® 840A) 


Tackifying Resin 


Regalite®S101 


Regalite® S 260 


RESIN 1 


Picoolyte® HM 106 


Permalyn® 6110 


R&B spt (*»C) 


102.6 


102.3 


102.8 


107.1 


101.8 


UV-alpha 268 nm 


0.66 


2.16 


2.87 


1.83 


1.69 


MMAP (^'C) 


76 


66 


54 . 


53 


3 


DACP CC) 


39 


17 


2 


10 


-97 


tan S Peak 












Temperature (**C) 


13.3 


8.2 


11.2 


11.8 


12.1 


Value 


3.31 


4.13 


2.87 


4.10 


4.11 


G'at23"C(kPa) 


52.2 


41.8 


65.0 


48.3 


45.0 


G*at38*»C(kPa) 


22.2 


27.9 


35.6 


25.8 


26.6 


G' at 49*»C (kPa) 


17.9 


23.4 


27.4 


21.2 


20.9 


G' at 70«C (kPa) 


13.6 


15.4 


15.2 


14.9 


10.5 


Cross-over 












Temperature (*'C) 


104.1 


91.9 


85.4 


99.7 


81.2 



Rheological data of five different resins (S-B-S Polymer: Europrene® Sol T 168) 


Tackifying Resin 


Regalite® S 101 


Regalite® S 260 


RESIN 1 


Picoolyte® HM 106 


Permalyn® 6110 


R&BspL{*»C) 


102.6 


102.3 


102.8 


107.1 


101.8 


UV-alpha 268 nm 


0.66 


2.16 


2.87 


1.83 


1.69 


MMAP f C) 


76 


66 


54 


53 


3 


DACP (^'C) 


39 


17 


2 


10 


-97 


tan 5 Peak 












Temperature {*C) 


16.7 


11.3 


14.9 


14.6 


15.2 


Value 


3.51 


3,87 


2.31 


4.14 


3.67 


G'at23*'C{kPa) 


75.0 


58.3 


125.0 


65.6 


74.0 


G' at SS'^C (kPa) 


27.5 


35.3 


48.5 


30.9 


37.0 


G* at 49*'C (kPa) 


22.4 


30.4 


35.6 


26.3 


29.0 


G* at 70*»C (kPa) 


19.9 


23.7 


22.1 


22.2 


16.7 


Cross-over 












Temperature (•C) 


105.3 


91.2 


87.2 


99.2 


82.3 
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Table 15 



Rheological daS^of five different resins (S-B-S Polymer: Rnaprene® 417) 



TacWfying Resin 


Rega]ite®Sl01 


Regaiite® S 260 


RESIN 1 


Piccxrfyte® HM 106 


Pemialyn® 6110 


R&B spt (*»C) 


102.6 


102,3 


102.8 


107.1 


101.8 


UV-alpha 268 nm 


0.66 


2.16 


2.87 


1.83 


1.69 


MMAP CC) 


76 


66 


54 


53 


3 


DACP pC) 


39 


17 


2 


10 


-97 


tan 5 Peak 












Temperature f^C) 


9.5 


5.8 


6.9 


8.5 


9.1 


Value 


2.62 


3.27 


2.42 


3.31 


2.80 


G'at23*»C (kPa) 


77.6 


76.0 


96.7 


73.4 


89.4 


G'atSS^C (kPa) 


48.5 


61.0 


66.5 


51.0 


60.7 


G'at49»C (kPa) 


43.6 


54.1 


56.2 


44.9 


49.8 


G* at 70°C (kPa) 


32.5 


33.2 


30.0 


29.6 


20.9 


Cross-ever 












Temperature C^C) 


95.6 


85.6 


80.7 


90.5 


74.7 



Table 16 

Rheological data of five different resins (S-V-S Polymer: Stereon® 857) 



Tackfying Resin 


Regaiite® S 101 


Regaiite® S 260 


RESIN 1 


Piccolyte® HM 106 


Permalyn®6110 


R&B spt (^C) 


102.6 


102.3 


102.8 


107.1 


101,8 


UV-alpha268nm 


0.66 


2.16 


2.87 


1.83 


1-69 


MMAP CO 


76 


66 


54 


53 


3 


DACP (^'O 


39 


17 


2 


10 


-97 


tan 5 Peak 












Terrperature (*C) 


17.3 


17.1 


21.4 


19,9 


21.5 


Value 


4.67 


4.08 


2.43 


4.76 


4.47 


G'at23^C (kPa) 


61.5 


86.7 


250.0 


95,8 


108.6 


G'at38^C (kPa) 


21.4 


32.4 


54.4 


26.5 


31.8 


G-at49»C (kPa) 


17.2 


24.6 


34.7 


19.1 


22,5 


G' at 70^C (kPa) 


14.0 


_ 17.7 


19.1 


14.1 


13.5 


Cross-over 












Temperature (**C) 


112.6 


99.2 


92.4 


105.2 


89.7 
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E^xamples 17 through 21 
Masterbatch evaluations 

5 In tables 17 through 21 needle penetration and viscosity results are shown of S-B-S adhesives based on RESIN I 

in comparison with systems based on several commercially available taddfying resins, which are lower, equal, and 
higher in functionality. Five different resins are compared in adhesives based on five different S-B-S copolymers. The 
adhesive compositions from Examples 1 through 16 have all been mixed separately using a Z-blade mixer. During the 
high temperature blending process in a Z-blade mixer relatively high shear forces are developed which may cause a lim- 

10 ited breakdown of the styrenic block copolymer. It should be understood, however, that the differences in adhesive per- 
formance because of polymer breakdown are usually very small. Nevertheless, to minimize possible small differences 
in adhesive performance caused by varying levels of polymer breakdown during the mixing process of adhesive com- 
positions, the polymer and plasticizing oil ingredients may be separately blended together first. This polymer/oil blend 
is usually referred to as a mastert)atch. To complete the adhesive composition the tackifying resin is blended in after- 

15 wards at significantly lower temperatures using low shear mixing equipment In this way the final adhesive compositions 
made from a specific mastertatch will all have an equal level of polymer breakdown. In the case of the standard S-B-S 
adhesive formulation used to evaluate the adhesive compositions from Examples 17 through 21 , the masterbatch com- 
prises of 100 parts of S-B-S copolymer. 80 parts of Ondina® 7047 plasticizing oil, and 2 parts of Irganox® 1010 stabi- 
lizer. As indicated above the 220 parts of tackifying resin are incorporated aftenwards in the composition, using low 

20 shear mixing equipment. 

From the test results it can be concluded that although the systems based on Piccolyte® HM 106 Synthetic Resin 
and Permalyn® 61 10 Rosin Ester respectively exhibit a similar or higher functionality connpared with RESIN I, the com- 
positions based on RESIN 1 explidtiy demonstrate a superior adhesive performance, that is, both at low and high tem- 
peratures. 

25 Due to its unique chenucal structure RESIN I is more able to delay the order-disorder transition of the styrene end- 
blocks of the polymer than most of the other resins, with exception of the Permalyn® 61 10 Rosin Ester compositions. 

The compositions based on Regalite® S 101 Hydrogenated Hydrocartxjn Resin and Piccolyte® HM 106 Synthetic 
Resin mostiy exhibit a too high viscosity at 120''C to ensure good wettability. The system based on Permalyn® 61 10 
Rosin Ester exhibits low viscosities and si4}erior wettability at high temperatures, but its cohesion performance below 

30 temperatures of about 45^*0 - SO^'C is lower compared with the adhesive based on RESIN I. This is clearly shown by tiie 
high needle penetration values for the compositions based on Permalyn® 6110 Rosin Ester, which indicate softer adhe- 
sives having a lower level of cohesive strength. In this respect RESIN I shows tfie lowest needle penetration values in 
all five S-B-S copolymers. The superior cohesive strength of the RESIN I conpositions is hereby Illustrated perfecfly. 
Also for compositions made according to the masteitetch metiiod RESIN 1 offers the best tialanced adhesive perform- 

35 ance. 




Table 17 



Masterbatch perfbnmance of five different resins (S-B-S Polymer: Europrene® Sol 11 68) 


Tackifying Resin 


Regalite® S 101 


Regalite® S 260 


RESIN 1 


Piccolyte® HM106 


Permalyn® 6110 


R&B spt. {*>C) 


102.6 


102.3 


102.8 


107.1 


101.8 


UV-alpha 268 nm 


0.66 


2.16 


2.87 


1.83 


1.69 


MMAP (^'C) 


76 


66 


54 


53 


3 


DACP {*»C) 


39 


17 


2 


10 


-97 


Needle Penetration 












dmm) 


95 


98 


87 


108 


99 


Viscosity {mPa.s) at: 












180 «»C 


2,930 


2.780 


2.910 


3,260 


3.500 


160 


5,810 


5,360 


5.620 


6,480 


6.380 


140*^0 


17.620 


13.600 


12.850 


19.200 


14,350 


120 X 


121.400 


51.200 


43.100 


93,000 


39,000 
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Table 18 



Masterbatch perfomiance of five different resins (S-B-S Polynier: Stereon^^MO A) 



Tackifying Resin 


Regalrte® S 101 


Regalite® S 260 


RESIN 1 


Piccolyte® HM 106 


Permalyn® 6110 


R&B spt (^'C) 


102.6 


102.3 


102.8 


107.1 


101.8 


UV-alpha 268 nm 


0.66 


2.16 


2.87 


1.83 


1.69 


MMAP CO 


76 


66 


54 


53 


3 


DACP (X) 


39 


17 


2 


10 


-97 


Needle Penetration 












(23*»C, dmm) 


93 


103 


91 


112 


119 


Viscosity {mPa.s) at: 












180 *»C 


1,910 


1.950 


1,900 


2,290 


1,940 


160 *C 


3.740 


3.800 


3.620 


5,000 


3.830 


140 *C 


11.220 


8.800 


8.620 


12.500 


8.320 


120*0 


75.800 


32,650 


27,800 


60.300 


24,150 
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Table 19 





Masterbatch perfonmance of five different resins (S-B-S Potymer: Finaprene^ 


Ul7) 


30 


Tackifying Resin 


Regalite® S 101 


Regalite® S 260 


RESIN 1 


Piccolyte® HM 106 


Permalyn® 6110 




R&B spt. (*»C) 


102.6 


102.3 


102.8 


107.1 


101,8 




UV-alpha 268 nm 


0.66 


2.16 


2.87 


1.83 


1.69 




I^MAP(«C) 


76 


66 


54 


53 


3 


35 


DACP («C) 


39 


17 


2 


10 


-97 




Needle Penetration 














(23«C, dmm) 


86 


73 


66 


84 


81 


40 


Viscosity (mPa.s) at: 














180 X 


3.420 


3,220 


3.640 


3.750 


3.950 




160 


5.780 


5,920 


6.850 


6.750 


6.810 




140 


15.100 


14.350 


15.550 


16.100 


16.100 


45 


120 


61.800 


40.350 


46.000 


47.400 


40.250 



so 
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Table 20 



Masterbatch performence of five different resins (S-B-S Polymer: Vector® 4261) 


Tacidfying Resin 


Regalite®S101 


Regalite® S 260 


RESIN 1 


Piccolyte® HM 106 


Permalyn®6110 


R&BspL(-C) 


102.6 


102.3 


102.8 


107.1 


101.8 


UV-alpha 268 nm 


0.66 


2.16 


2,87 


1.83 


1.69 


MMAP (*»C) 


76 


66 


54 . 


53 


3 


DACP rC) 


39 


17 


2 


10 


-97 


Needle Penetration 












(23*C, dmm) 


97 


85 


79 


89 


97 


Viscosity (mPa.s) at: 












180 •C 


2,860 


3.380 


3,340 


3.400 


3,330 


160 ^'C 


5,320 


5.880 


6,100 


6,370 


6,180 


140*^0 


12.350 


15,250 


13,020 


14,000 


13,000 


120 DC 


46,200 


38,700 


37,350 


44,000 


33,250 
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Table 21 





Masterbatch performance of five different resins (S-B-S Polymer: Vector® 4461) 


30 


Tackifying Resin 


Regalite® S 101 


Regalite® 8260 


RESIN 1 


Piccolyte® HM 106 


Permalyn®6110 




R&BspL(''C) 


102.6 


102.3 


102.8 


107.1 


101.8 




UV-alpha 268 nm 


0.66 


2.16 


2.87 


i:83 


1.69 




MMAP («C) 


76 


66 


54 


53 


3 


35 


DACP f C) 


39 


17 


2 


10 


-97 




Needle Penetration 














(23*'C, dmm) 


79 


74 


58 


77 


80 


40 


Viscosity (mPa.s) at: 














180 »C 


1.360 


1,370 


1,480 


1,840 


1,460 




160 *»C 


2,650 


2.700 


2,890 


3,620 


3.080 




140 '^C 


7,450 


6,930 


7.320 


9,620 


6,850 


45 


120 »C 


48.400 


25.350 


24.200 


38,750 


22.000 



so Adjusting the adhesive viscosHy with aromatic resins 

In a further preferred embodiment of this invention the use of aromatic hydrocarbon resins is described to decrease 
the viscosity of hot-melt adhesives based on styrenic block copolymers, such as, but not limited to. S-l-S. S-B-S. S-V-S 
and (S-B)n block copolymers, including mixtures thereof and Including modified and/or hydrogenated derivatives 
55 thereof. This is shown by reference to Examples 22 and 23. 

In an attempt to decrease the adhesive viscosity of the various styrenic block copolymer based compositions, end- 
block compatible resins, such as. for example Kristalex® Synthetic Hydrocartx)n Resin, were blended with same. It was 
found that such resins predominantly interact with the end-blocks of the styrenic copolymer, thereby delaying the order- 
disorder transition of the polymer end-blocks, which will result in lower adhesive viscosities. 
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The preferred end-block compatible taddfying resins under this separate embodiment include: 

(a) aromatic petroleum hydr^^^ns; and 

(b) polar or otherwise modifiedaromatic petroleum hydrocartx)n resins such as. for exanple. copolymers and ter- 
5 polymers of aromatic petroleum hydrocarbon resins-with vinyl monomers, or mixtures thereof, such as vinyl arenes. 

vinyl pyridines, vinyl halides and vinyl cartx>xylates. including particulariy those monovinyl aromatic hydrocartx>ns 
of the benzene series, such as. styrene, vinyl toluene, (alpha)'methyl-styrene, vinyl xylene, ethyl vinyl t>enzene, as 
well as (ficyclic monovinyl compounds, such as. vinyl naphthalene and the like, as well as aaylic monomers, such 
as. aaylonitrile. methaarylonitrile, esters of acrylic adds. etc. Other modifying ingredients may be derived from 
10 alpha olefins, alkylene oxides, acetals. urethanes. natural rosins, phenols, etc. 

Mixtures of two or more of the above described end-block compatit>le resins may be required for some formulations. 
Particulariy preferred are copolymers arxJ terpolymers of styrene, vinyl toluene and (alpha)-methyl-styren& 

To be most suitable for the purposes of the present invention, the end-block compatible resin of the present inven- 
15 tion should preferably have: 

(a) a Ring and Ball softening point of from about 50*^0 to atx>ut ISO^'C. more preferably of from about 60^0 to atx>ut 
ISO^'C, most preferably of from about 70*^0 to akx>ut 120''C; 

(b) An MMAP doudpoint of about 20''C or less, more preferably lO'^C or less. 

so (c) A DACP doudpoint of atx)ut 0**C or less, more preferably *20*'C or less, most preferably -40^*0 or less; and 

((Q An Mz value of about 1 5.000 DaKon or less, more preferably 1 0.000 Dalton or less, most preferably 5.000 Datton 
or less. 

More particularly, a preferred viscosity modifying aromatic resin of the present invention has the following proper- 

25 ties 

(a) a R&B softening pdnt of 60*C to 1 30*^0, 

(b) an MMAP doudpoint of 10**C or less, 

(c) a DACP doudpoint of less than -20''C, and 
30 ((Q an Mz value of 10.000 Dalton or less. 

An ^en more preferred viscosity modifying aromatic resin or tiie present invention has tiie following properties: 

(a) a R&B softening point of 70*»C to 120"'C. 
35 (b) an MMAP doudpoint of 1 0*^0 or less. 

(c) a DACP doudpoint of less than -40''C and 
(cQ an Mz value of 5,000 Dalton or less. 

A particulariy preferred example of an end-block compatible resin for the use in tiie hot-melt adhesive compositions 
40 of the present invention has the following typical properties: 



R&B softening point f^C) : 100 

MMAP (*»C) : 2 

DACP (^C) : -70 

45 Mn (Dalton) : 800 

Mw (Dalton) : 1.300 

Mz (Dalton) : 2.100 



It should be understood that these end-block compatible resins were not designed as erxJ-block reinforcing resins. 

so End-block reinforcing resins, that is. high softening point and/or high molecular weight aromatic hydrocartxDn resins, 
such as, for example Endex® 155 Hydrocart}on Resin or Kristalex® 31 15 Hydrocartx)n Resin usually do not delay tiie 
order<lisorder transition of a styrenic t>lock copolymer. The results of Examples 22 and 23 dearly indicate that hot melt 
adhesives, which were blended witii such end-block reinfbrdng resins, have tiie notewortiiy def idency of an uhdesira- 
t>le high viscosity, which will decrease the wettability and open-time of the system, making these systems unsuitable for 

55 spraying applications. When the systems are fcrfended with lower molecular weight endblock compatitrfe resins, a 
decrease in viscosity can be noticed. However, blending with low molecular weight endblock compatible resins such as 
Kristalex® Hydrocartxsn Resins, that is. witii especially those which have Ring and Ball softening points below about 
1 15X. also appears to soften the end-block domains of the styrenic block copolymer, which results in a significantiy 
lower cohesive strength for the adhesive, either at ambient temperatures or at elevated temperatures. Since this is usu- 
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ally undesirable for the final performaM^f the hot-melt adhesive, the incorporation of such lowei^gtening point end- 
block compatible resins was conside^^B disadvantageous and should therefore only be consic^^mien the cohe- 
sive strength of the adhesive is alreac^rore than adequate. 

It should be understood, however, that the hot-melt adhesive systems of the present invention exhibit superior 
adhesive performance because they have sufficient cohesion. This is explidtly demonstrated by the lower viscosities as 
well as the higher Shear values at 23°C and 40**C for the systems based on RESIN I as the sole resin. 
The effect of such resins on the adhesive performance and the rheological behavior of an S-l-S based hot-melt con- 
struction adhesive is further illustrated by way of examples 22 through 25. which follow. 



Examples 22 & 23 



Tables 22 and 23 illustrate the effect of blending with various end-block compatible aromatic hydrocart>on resins on 
the adhesive performance of hot-melt adhesive systems based on Kraton® D-KX 602CS as the sole polymer and tack- 
tfled with either Regalite® R 101 Hydrogenated Hydrocarl)on Resin or RESIN I. 

The results clearly indicate that the Krislalex® Hydrocarbon Resins, which have Ring and Ball softening points 
below about 1 1 5**C and Mz values of maximum 3,000 are able to delay the order-disorder transition of the styrene end- 
Mocks of the polymer. 

This effect is explicitly illustrated by the lower SAFT values, lower shear values at lO^'C, and the mostly lower vis- 
cosities at 1 20^C of the systems blended with such lower softening point end-block compatible resins. The above men- 
tioned differences appear to become even more apparent for systems based on Kristalex® Hydrocartx)n Resins having 
decreasing softening points. 
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Table . 22. E££ec^^^ blending with aromatic resins 
(S-X-l^Plymer: Kraton® D-KX 602CS) 

Base resin: 225 parts (90%) / Blending resin: 25 parts (10%) 



10 


Resin Blend: 100/0 


90/10 


• 

90/10 


90/10 


90/10 




Base resin: RESIN I 


Regal ite® 


RESIN I 


Regal it e® 


MOOT *.T 

RESIN I 


IS 




R 101 




R 101 






Blending resin: Not Blended 

(250 parts) 


Endex® 
155 


Endex® 
155 


Kristalex® 
F 100 


Kristalex® 
F 100 


so 


R&B spt. (^C) 


155.3 


155.3 


98.7 


98.7 




MMAP («C) 


14 


14 


1 


1 




DACP (**C) 


-7 


-7 


-73 


-73 


25 


Mz (Dalton) 


12,000 


12,000 


2,250 


2,250 




Peel adhesion (N/25 mm) 












to Steel (23*'C) 17.3 


35.8 


5.0 


34.7 


8.5 


30 


to PE (23«C) 4.1 
Loop tack (N/25 mm) 


8.2 


0.3 


9.2 


1.0 


35 


to Steely (23«»C) 17.8 


46.4 


1.3 


49.5 


13.9 




to PE (23°C) 1.4 


22.7 


0.3 


19.1 

- 


1.6 


40 


Needle Penetration 
(23*>C, dmm) 73 

Shear to steel (minutes) 


99 


29 


112 


50 


45 


(23*>C, 2.5 kg) >88,000 


25,537 


>88,000 


4,744 


78,421 




(40<'C, 2.5 kg) 651 


231 


72 


173 


338 




(45*»C, 1.0 kg) 33,201. 


33,777 


>50, 000 


14,679 


12,894 


SO 


(SC^C, 1.0 kg) 975 


7,792 


4,707 


1,601 


568 




(60<»C, 0.5 kg) 206 


>20,000 


1,935 


15,017 


135 




(70°C, 0.5 kg) 37 


669 


54 


159 


22 



55 



37 



Table 22 - continul 




5 


Resin Blend: 


100/0 


90/10 


90/10 


90/10 


90/10 




Base resin: 


RESIN I 


Regal it e® 


RESIN I 


Regalite® 


RESIN I 


10 






R 101 




R 101 






Blending resin: 


Not Blended 
(250 parts) 


Endex® 
155 


Endex® 
155 


Kristalex® 
F 100 


Kristalex® 
F 100 


IS 


R&B spt. (**C) 




155.3 


155.3 


98.7 


98.7 




MMAP C^C) 




14 


14 


1 


1 




DACP (**C) 




-7 


-7 


-73 


-73 


20 


Mz (Dal ton) 




12,000 


12,000 


2,250 


2,250 


25 


Shear to PE (minutes) 
(40«»C, 1 kg) 44,644 


>70,000 


59,958 


5,283 


53,126 




SAFT (0.5 kg,*»C) 


77 


90 


79 


84 


72 


30 
















Viscosity 180<'C 


2,280 


2,460 


2,900 


1,860 


2,550 




(mPa.s) IGO^'C 


4.850 


5,620 


6,020 


3,840 


4,840 


35 


at: 140*»C 


13,000 


21,100 


20,000 


11,800 


13,250 




" 120**C 


46,500 


208,800 


70,600 


73,700 


48,200 



40 



45 



50 
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Tab.le 23. Effectas^ blending with aromatic resinsi 
(S-I-l^Rlymer: Kraton® D-KX 602CS) 
Bas% resin: Regalite® RlOl - 225 parts (90%) / 
Blending resin - 25 parts (10%) 



Resin Blend: lOO/O 90/XO 90/10 90/10 90/10 

Blending resin: Not Blended Kristalex* Kristalex® Kristalex* Kristalex® 

(250 parts) 3115 F 100 F85 3070 

R&B spt. («C) - 118.2 98.7 86.0 76.3 

MMAP (^'O - 4 1 0 1 

DACP (*C) - -49 -73 -88 -112 

Mz (Dalton) - 3,265 2,250 1,660 1,171 



Peel adhesion (N/25 mm) 



to steel (23«C) 


32.8 


31.7 


34.7 


31.6 


32,5 


to PE (23**C) 


7.8 


8.5 


9-2 


9.0 


12.7 


Loop tacJc <N/25 


mm) 










to Steel (23*>C) 


43.2 


52.0 


49.5 


48.0 


47.8 


to PE (23^0 


12.1 


19.1 


19.1 


14.0 


16.4 


Needle Penetration 










(23»C, dmm) 


104 


101 


112 


105 


108 


Shear to steel 


(minutes) 










(23<»C, 2.5 kg) 


2,406 


8,383 


4,744 


3,358 


2,688 


(40«C, 2.5 kg) 


137 


144 


173 


. 109 


91 


(45°C, 1.0 kg) 


2,459 


28,988 


14,679 


39,171 


4,943 


(50^C, 1.0 kg) 


1,466 


3,802 


1,601 


2,645 


2,454 


(60*»C, 0.5 kg) 


7,953 


>20,000 


15,017 


3,409 


• 2,514 


(70»C, 0.5 kg) 


290 


390 


159 


62 


92 
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Table. 23 - contim 



Resin Blend: 100/0 90/10 90/10 90/10 90/10 



10 Blending resin: Not Blended Kristalex® Krietalex® Kristalex® Kristalex® 

(250 parts) 3115 F 100 F85 3070 

RScB spc. ("O - 118.2 98.7 86.0 76.3 

MI^P (^'O - 4 1 0 1 

DACP (**C) . - -49 -73 -88 -112 

Mz (Dalton) - 3,265 2,250 1,660 1,171 



15 



20 



30 



35 



Shear to PE (minutes) 
(40«C, 1 kg) 4,304 10,671 5,283 5,185 2,330 

25 SAFT (0.5 kg, <»C) 88 86 84 80 81 



Viscosity (mPa.s) at: 

180 *>C 2,020 2,400 1,860 1,920 1,940 

160 «C 4,350 4,820 3,840 3,840 3,790 

140 *>C 13,900 15,000 11,800 12,450 11,200 

120 <»C 126,000 136,000 73,700 73,600 67,800 



Examples 24 & 25 
Rheological evaluations 

Tables 24 and 25 illustrate the effect of blending with various end-block compatible aromatic hydrocariDon resins on 
the rheological behavior of the S-l-S hot-melt adhesive systems from Tables 22 and 23, taddfied with either Regalite® 
45 R 101 Hydrogenated Hydrocartx)n Resin or RESIN I. 

The results clearly indicate that the Kristalex® Hydrocart)on Resins, which have Ring and Ball softening points 
below about 1 1 S^'C are able to delay the order-disorder transition of the styrene end-blocks of the polymer. 

However, adhesives based on blends of Regalite® R 101 Hydrogenated Hydrocarbon Resin with Kristalex® Hydro- 
cart>on Resins, which have Ring and Ball softening points below about 1 1 S^'C did not result in an acceptable aoss-over 
so temperature according to the present invention. Also their G* values at temperatures below about 45*^0 - SO^'C are 
clearly lower compared with, in particular, tiie adhesive based on RESIN I. In addition to this, corfipositions based on 
RESIN I produce lower cross-over temperatures and lower tan 6 peak values. 

On the other hand, the RESIN I system in combination with both a Kristalex® F 100 hydrocartx>n resin and an 
Endex ® 155 resin yielded a good tan 5 peak value and a higher tan 5 peak temperature, indicating a lower mid-block 
55 compatibility for this resin, tiiat is. a reduced mobility of the continuous phase of the adhesive, which manifests itself in 
a higher cohesive strength for the system. Moreover, in comparison with the other systems, the results explicitiy display 
a superior and best balanced adhesive performance for the hot-melt systems based on RESIN I as the sole resin. 
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Table 24. Rlieol||pal data of blended caxoposition^^^om Table 
22 ^^^^^^ 

Base resin: 225 parts (90%) / Blending resin: 25 parts (10%) 



Base resin: 


RESIN I 


Regal it 


RESIN I 


Regal it e® 


RESIN I 






R 101 




R 101 




Blending resin: 


Not Blended 


Endex* 


Endex® 


Kristalex® 


Kristalex® 




(250 parts) 


155 


155 


F 100 


F 100 


tan 6 Peak 












Temperature (**C) 


26.7 


19.3 


35.5 


18.7 


27.5 


Value 


2.56 


4.27 


1.10 


4.90 


1.87 


G' at 23*»C (kPa) 


450-0 


94.0 


3,000.0 


78.0 


810.0 


G' at 38 -^C (kPa) 


62.0 


37.5 


420.0 


32.1 


91.0 


G' at 49«C (kPa) 


40.0 


30.9 


140.0 


26.3 


48.2 


G' at 70*»C (kPa) 


24.5 


27.1 


47.0 


23.0 


24.9 


Cross -ovQj- 












Tenperature (**C) 


87.3 


107.5 


92.3 


101.6 


86.5 
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Table 25. Rheologld^^iata o£ blended compositions fr^^^able 
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Base resin: Regalite® RlOl - 225 parts (90%) / 
Blending resin - 25 parts (10%) 



10 



2S 



Resin Blend: 


100/0 


90/10 


90/10 


90/10 


90/10 


Blending resin: 


Not Blended 


Kristalex® 


Kristalex* 


Kristalex® 


Kristalex® 




(250 parts) 


3115 


P 100 


F85 


3070 


tan 5 Peak 












Temperature (*C) 


20.2 


19.3 


18.7 


18.1 


17.4 


Value 


4.78 


4.57 


4.90 


4.83 


4.83 



G* at 23*»C (kPa) 99.2 100.5 78.0 72.3 66.1 

30 G* at 38°C (kPa) 34.1 37.4 32.0 31.5 31.4 

G' at 49*»C (kPa) 26.4 30.0 26.3 26.2 26.3 

G' at 70*»C (kPa) 23.0 27.5 23.0 22.9 22.9 



3S 
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Cross -over 

Temperature (OC) 106.5 104.7 101.6 101.0 99.5 



MATERIALS & METHODS 



45 Abbreviations 



In the above examples and tables, the following abbreviations were used: 



R&B spt. 


Ring and Ball softening point 


UV-alpha 268 nm 


UV-Absorption at 268 nm 


MDSP CC) 


Mettler Drop Softening Point 


MMAP («C) 


Mixed Methylcyclohexane Aniline Gloud Point 


DACP (*G) 


Diacetone Alcohol Cloud Point 


dmm 


decimillimeters (10"^ m) 


SAFT 


Shear Adhesion Failure Temperature 


RE 


Polyethylene 


BOPP 


Biaxially Oriented Polypropylene Rim 


PSTC 


Pressure Sensitive Tape Council 


Mz 


High molecular weight fraction of a resin (herein also named: z-average molecular weight). 
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FINAT Federation Internationale des Fabricants et Transformateurs d'AdhesHs et Thermocollants sur 

papier et autr|Hpports. 

Method for the preparation of the adhesives in the exampies: 

5 

The adhesives were mixed for niaximum 2 hours in a Werner & Pf leiderer LUK 2.5 K3. Z-biade mixer at tempera- 
tures of apprc2ximately ITCC. and coated with a Noidson Meltex CL170 laboratory coater onto released BOPP with 
coating weights of approximately 40 gAn^. The coated tapes were slit into rolls of 5 cm width and stored overnight in a 
climatized room at 23*C and 50 % Relative Humidity. To determine the spiral spray bond strength the adhesives were 
10 not coated onto released BOPP. but sprayed, with coating weights of about 20 g/m^. onto polyethylene film using a Nor- 
dson CF 1 controlled fberization spiral spray head. 

For the evaluation of the adhesive properties all coated BOPP samples were tested like a tape, predominantly 
according to PSTC tape test methods. I=br these tests the adhesive bonds were made in a climatized room at 23''G and 
50 % Relative Humidity. 

IS Following the formulation of the adhesive compositions which are summarized above, the following tests were per- 
formed: 

Method for the determination of the R&B softening point : 

20 The R&B softening point was determined according to ASTM D-36-70 with the Walter Herzog R&B apparatus, 
model MC-735. 

Method for the determination of the IVIMAP doudpoint of a resin: 

2S The MMAP (Mixed Methylcydohexane Cloud point) was determined using a modified ASTM D-61 1 -82 procedure. 
The Methylcydohexane is substituted for the Heptane used in the standard test procedure. The procedure uses 
Resin/Ardline/Methylcydohexane in a ratio 1/2/1 (5 g/10 mI/5 ml), and the doud point is determined by cooling a heated, 
dear blend of the three components until a conplete turbidity just occurs. 

30 Method for the determination of the DACP doudpoint of a resin: 

The DACP (Di-Acetone Alcohol Cloud Point) was determined using a modified ASTM D-61 1 -82 procedure. For this 
method, the solvent mixture used in the standard test procedure is substituted by Xylene and Di-Acetone /Mcohol in a 
1 :1 volume blend. The procedure uses Resin/Xylene/bi-/Vcetone /Ucohol in a ratio 1/1/1 (5 g/5 ml/5 ml), and the cloud 
35 point is determined by cooling a heated, dear blend of the three Components until a complete turbidity just occurs. 

Method for the determination of the mdecular weight of a resin: 

The molecular weights Mn, Mw, Mz and the polyd'epersity (^Mw/Mn) were determined by size exdusion chroma- 
40 tography using polystyrene as corrparative starxJard and a refractive index detector. For deteiils. reference is made to 
the brochure "Selection Guide for Hercules Hydrocartx>n Resins", published October 1993, Na 25.029E2. pages 14, 
15 and 20. 
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Method for the determination of the resin colour and colour stability : 

To determine the Gardner colour the resin was mixed in a 1:1 blend (5g/5ml) with reagent grade toluene at room 
temperature until all the resin was dissolved. The colour was determined spectrofbtometicaily using the Dr. Lange LICO 
200 apparatus. The colour stability of the resin was measured according to the same method, that is. before the resin 
was dissolved in toluene, it was stored in an air drculated oven for 24 hours at a temperature of about 175''C. 

Method for the determination of the UV-alpha 268 nm value of a resin: 



The UV absorption of the resin at 268 nm (herein abtxeviated UV alpha 268 nm) is determined using a Beckman 
DU-40 spectrophotometer. Approximately 50 mg resin sample is dissolved in reagent grade cydohexane and diluted to 
55 the mark of a 50 ml flask. The UV absorption of the resin solution is measured at wavelengths of 268 nm and 400 nm 
respectively in a 1 cm quartz cuvet. As a reference sample, reagent grade cydohexane is measured. 
Calculation: 

UV-alpha 268 nm=(Ext 268 nm - Ext 400 nm)/(Resin weight x 20) 
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Method for the determination of the^ear Adhesion Failure Temperature (SAFT) of an adhesive composition 

ml^Bture (SAFT) is determined in ''C in the same manner eS^m F 



10 



The Shear Adhesion Failure Ternplrature (SAFT) is determined in ^'C in the same manner aMre PSTC-7 shear 
test, albeit that in this case the shear adhesion performance of the samples is not measured at a constant temperature 
and determined in minutes, txit the temperature is measured at which shear adhesion failure takes place. To determine 
this SAFT temperature, the temperature of the oven, which starts at 30**C is increased with a constant factor of 0.37**C 
per minute. 

The test is caried out in a mechanical convection oven. In this regard, two replicates of each of the samples were 
tested of which the average was reported. 

Method for the determination of the Needle Penetration value of adhesive compositions : 



This is a test of the hardness of each of the adhesive materials. In summary, a sample of each of the adhesive 
materials, formulated above, was exposed to a needle which has a 200 gram load applied thereto. This needle, and the 
IS associated 200 gram weight are placed on the surface of each of the adhesives and then permitted to freelall during the 
test for a period of approximately five seconds. 

The depth of penetration of the needle is then measured and expressed in decimillimeters (dmm). The hardness 
test is performed in a dimatized room at 23''C and 50% relative humidity. This hardness determination is conducted in 
accordance with ASTIS^ Method D-5 as nxxfif ied for use with a 200 gram weight. 

20 

Method for the determination of PE-nonwoven Spiral Spray Bond Strength and Spiral Spray Elevated Temper- 
ature Resistance of adhesive compositions : 

In these two tests, a spiral spray head was mounted on the Nordson hot^melt adhesive coater. The adhesives to be 
25 tested were applied through a 0.025" nozzle at an application temperature of approximately 160^0. Furthermore, in 
applying the adhesives, an air source was used which was heated internally in the nozzle to approximateiy IGO'^C. The 
adhesives to be tested were then sprayed onto a polyethylene substrate and comtxned with a nonwoven substrate after 
an open time of approximately 0.5 seconds. l=bllowing this procedure, the laminate was compressed tDetween steel and 
rubber rollers with the laminate receiving a pressure of approximately 1 .5 bar. The add-on level was approximately 20 
30 grams per square meter. Following this procedure, the laminate constructions were then subjected to a 180** peel with 
an instron Tensile tester at a cross-head speed of 5 cm per minute, as well as to a test utilizing a 100 gram weight and 
which is performed at AO^'C, in a mechanical convection oven, in this regard, six replicates of each of the laminates were 
tested of which the average was reported. 

35 Method for the determination of percent Elastic Retention or Creep Performance, of Elastic Attachments con- 
structed with Spiral Sprayed Hot-IMeit Adhesives : 

A spiral spray head was again mounted on the Nordson iiot-melt adhesive coater. The adhesives to be tested were 
applied through a 0.025" nozzle at an application temperature of approximately leo^'C. Furthermore, in applying the 

40 adhesives. an air source was used which was heated internally in the nozzle to approximately 1 GO^C. The adhesives to 
be tested were then sprayed onto a four-strand elastic which is backed up with a polyetiiylene sut)strate. After an open 
time of approximately 0.3 seconds the elastic was compressed between the polyethylene substrate and a nonwoven 
sut>strate The laminate was compressed between compression rollers which included both steel and rutsber. as 
described earlier. The laminate experienced a compression of 1 .5 bar. The add-on les/el was 20 grams per square 

45 meter. The elastic was previously stretched to 300% (Lyaa®) or 200% and 300% (latex). Following these steps, tiie 
creep resistance of the laminate was determined. In this test, a piece of aix)ut 25 cm length is cut of the laminate con- 
struction which beforehand is stretched to the original length of the polyethylene substrate. Following the cutting, the 
laminate construction is stretched to its original lengtii again, after which it is attached to a sheet of corrugated material 
such as paper board or the like. Subsequently the nonwoven material and the elastic band are both cut under an angle 

so of about 45**. without cutting the polyethylene substrate, in order to obtain a stretched and bonded laminate construction 
of about 20 cm length. The assembly is then placed in a mechanical convection oven at 40**C. Following this step, and 
at time intervals of 60. 1 20. 1 80 and 240 minutes, tiie bonded lengtii is measured and the amount of delamination noted 
in % of the original length, in this regard, six replisates of each of the laminates were tested of which the average was 
reported. Separately, three replicates of each of the laminates are stored for a period of 24 hours in a dimatized room 

55 at 23''C and 50% Relative Humidity, after which the average amount of delamination is noted. 

Method for the determination of the peel strength of an adhesive composition : 
The peel strength is measured by the PSTC-1 test-metiiod. 
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Method for the determination of the shear strength of an adhesive composition : 

The shear strengths were measured by the PSTC-7 test-method. 
Method for the determination of the adhesive viscosity : 

This characteristic was measured by employing conventional technology In this regard, the viscosity of each of the 
adhesive formulations was measured at different temperatures, such as. for example. 120**C: 140**C; 160**C; and 
180*C. and is expressed herein in millipascal seconds (mPa.s). 

A Brookfield Thermosel was employed to determine the viscosity. The viscosity measurement was done in accord- 
ance with ASTM Method D3236-73. 

Method for the determination of the DMA properties of adhesive compositions: 

The dynamic moduli G' and G** of the adhesive compositions were determined on a Rheometrics Mechanical Spec- 
trometer (RDS-IO using 8 mm circular shaped parallel plates with a 2 mm gap distance over a temperature range from 
about -60**C to atKXJt 140*C. The frequency was kept fixed at 10 radiants/sec. The strain was l<ept sufficiently high 
in order to get sufficient torque for the transducer. 



The Materials which were referred herdnabove by using trade names can more fully be descn'bed as follows : 



Kraton® D-KX602CS - A linear polystyrene-polyisopreneiX>lystyrene (S-l-S) XrftAcxk copolymer of Shell Chemical 
Conpany having a styrene content of about 23 wt%, and a diblock (S-l) content of about 20 wt%. 

Europrene® Sol T 193B - A polystyrene-polyisoprene-polystyrene (S-l-S) triWock copolymer of Enichem Chemical 
Co having a styrene content of about 25 wt% and a melt fbw rate of about 8 g/10 min. 

Europrene® Sol TE 9407 - A polystyrene-polyisoprene-pdystyrene (S-l-S) triWock copolymer of Enichem Chemi- 
cal Co having a styrene content of about 35 wt% and a melt flow rate of about 8 g/10 min. 

Vector® 4211 - A linear polystyrene-pdyisoprene-polystyrene (S-l-S) triblod^ copolymer supplied by Dexco Poly- 
mers having a styrene content of 29 wt%, melt flow rate of 12 g/IOmin and 0 wt% diblock (S-l). 

Vector® 4411 - A linear polystyrene-pdyisoprene-polystyrene (S-l-S) trS)lock copolymer supplied by Dexco Poly- 
mers having a styrene content of 44 wt%, melt flow rate of 40 g/IOmin and 0 wt% diblock (S-l). 

Stereon® 840A - A polystyrene-polybutadiene-pdystyrene (S-B)n multi-block copolymer of Rrestone Synthetic 
Rubber & latex Company, having a styrene content of about 44.5 wt% and a melt f tow rate of 1 1 .5 g/1 0 min. 

Stereon® 857 - A polystyrene-pdyvinyftxitadiene-polystyrene (S-V-S) block copolymer of Rrestone Synthetic Rul> 
ber & latex <:k)mpany. having a styrene content of about 44 wt%, a vinyl content of about 57% and a melt flow rate 
of 13 g/10 min. 

Europrene® Sol T 168 - A pdystyrene-polybutadiene-polystyrene (S-B-S) block copolymer of Enichem Chemical 
Co having a Styrene content of about 44 wt% and a melt f tow rate of about 9 g/10 min. 

Europrene® Sol TE 6414 - A polystyrene-polybutadiene-polystyrene (S-B-S) block copolymer of Enichem Chemi- 
cal Co having a styrene content of about 40 wt% and a melt flow rate of about 12 g/10 min. 

Finaprene® 602 - A polystyrene-polybutadiene-polystyrene (S-B-S) radial block copolymer of Fine Oil & Chemical 
Company having a styrene content of about 40 wt% and a melt ftow rate of about 8 g/10 min. 



MATERIALS: 



Polymers: 
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Rnaorene® 417 - A polystyrene-^^utadiene-polystyrene (S-B-S) radial block copolymer of Fina Oil & Chemical 
Company having a styrehe contd^^bout 29 wt%. 

Vector® 4261 - A polystyrene-polybutadiene-polystyrene (S-B-S) block copolymer supplied by Dexco Polymers 
5 having a styrene content of 29 wt%. melt flow rate of 40 g/IOmin and 0 wt% diblock (S-B). 

Vector® 4461 - A polystyrene-polybutadiene-polystyrene (S-B-S) triblock copolymer supplied by Dexco Polymers 
having a styrene content of 43 wt%. melt flow rate of 23 g/IOmin and 0 wt% diblock (S-B). 

10 Tackffying Resins: 

Reaalite® R 101 Hvdroaenated Hvdrocartx3n Resin - A fully hydrogenated C9-aromatic petroleum resin available 
from Hercules B.V. having a Ring & Ball softening point of about 100**C, an MMAP cloudpoint of about 75**C, a 
DACP cloudpoint of about 45''C, and an Mz value of about 1 ,200 Dalton. 

IS 

Reqalrte® S 101 Hydrogenated Hydrocarbon Resin - A partially hydrogenated C9-aromatic petroleum resin avail- 
able from Hercules B.V having a Ring & Ball softening point of about 100*C, an MMAP cloudpoint of about 70*C, 
a DACP cloudpoint of about SS^'C, and an Mz value of about 1 ,300 Dalton. 

20 Reaalite® S 260 Hydrogenated Hvdrocarbon Resin - A partially hydrogenated C9-aromatic petroleum resin avail- 
able from Hercules B.V. having a Ring & Ball softening point of about lOO^'C. an MMAP cloudpoint of about SO'^C, 
a DACP cloudpoint of about 1 T'C, and an Mz value of about 1 .500 Dalton. 

Permalyn® 61 10 Rosin Ester - A stabilized pentaerythritol ester of gum rosin available from Hercules B.V having 
25 a Ring & Ball softening point of about 100°C. an MMAP cloudpoint of about 3**C. a DACP cloudpoint of about -97*'C, 
and an Mz value of about 1 .200 Dalton. 

Piccolyte® HM 106 Hydrocarbon Resin - A styrenated polyterpene resin available from Hercules B.V having a Ring 
& Bali softening point of about 1 0S'^C. an MMAP cloudpoint of about 53'>C, a DACP cloudpoint of about 1 0^'C. a UV 
30 alpha of 1 .8 to 1 .9 and an Mz value of about 1 .500 Dalton. 

ECR®368LC - A hydrogenated resin available from Exxon Chemical Company having a Ring & Bail softening point 
of about lOO^^C, an MMAP cloudpoint of about 62^C, a DACP cloudpoint of about 1 T'C. and an Mz value of about 
2.000 Dalton. 

35 

ECR® 179 A - A hydrogenated resin available from Exxon Chemical Company having a Ring & Ball softening point 
of about lOO^'C, an MMAP cloudpoint of about 50''C. a DACP cloudpoint of about 35''C. and an Mz value of about 
1.600 Dalton. 

40 Other modifying resins: 

Endex® 155 Svnthetic Hvdrocariaon Resin - A pure monomer aromatic petroleum resin available from Hercules 
Incorporated having a Ring & Ball softening point of about ISS^'C. an MMAP cloudpoint of about M'^C. a DACP 
cloudpoint of about -7^C. and an Mz value of atx)ut 12,000 Dalton. 

45 

Kristalex® 31 15 Synthetic Hydrocartxan Resin - A pure monomer aromatic petroleum resin available from Hercules 
Incorporated having a Ring & Ball softening point of about 120''C. an MMAP cloudpoint of about 4*^0. a DACP 
cloudpoint of about '50''C, and an Mz value of about 3.200 Dalton. 

so Kristalex® F 100 Svnthetic Hvdrocartxxi Resin - A pure monomer aromatic petroleum resin available from Her- 
cules B.V having a Ring & Ball softening point of about lOC'C. an MMAP cloudpoint of about ^^'C, a DACP cloud- 
point of about -75**C. and an Mz value of about 2,200 Dalton. 

Kristalex® F 85 Synthetic Hydrocaitx>n Resin - A pure monomer aromatic petroleum resin available from Hercules 
55 B.V. having a Ring & Ball softening point of about SS^C, an MMAP cloudpoint of about 1**C, a DACP cloudpoint of 
atx)ut -90X. and an Mz value of afcKxit 1 .800 Dalton. 

Kristalex® 3070 Svnthetic Hydrocartpon Resin - A pure monomer aromatic petroleum resin available from Hercules 
incorporated having a Ring & Bali softening point of about 70''C. an MMAP cloudpoint of about rC, a DACP cloud- 
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point of about -1 10**C. and an Mz value of about 1 .200 DaHon. 



Other ingredients: 




Ondina® 7047 - A paraffinic/haphttienic (70/30) extender oil available from Shell Chemical Company. 

Iroanox® 1010 - An antioxidant mainly pentaerythrKyl-tetrakis[3-(3,5<li-tert.butyl-4>hydroxyphenyOi3ropionate as 
commerdal sample from Cba-Geigy Chemical Company. 

Claims 

1 . A hot-melt adhesive composition which includes: 

(a) about 50 to about 150 parts by weight of a styrenic block copolymer or mixtures and/or modified and/or 
hydrogenated derivatives thereof : 

(b) alx5ut 20 to about 45Q parts by weight of a tacWfying resin which, when incorporated into a reference com- 
position consisting of 1 00 parts by weight of a styrene-isoprene-styrene copolymer having a styrene content of 
20-30 % by weight. 250 parts by weight of said tackifying resin, 50 parts by weight of a paraffinic/naphthenic 
C70/30) extender oil and 2 parts by weight of a stabilizer consisting essentially of pentaerythrityl-tetrakis[3-(3.5- 
dl-tertbutyl-4-hydroxyphenyl)-propionate], leads to the following properties of said reference composition: 

a melt viscosity of 60.000 mPa.s or less at a temperature of 120''C; 

a tan 5 value of 3.5 or less, wherein tan 5 is defined as the ratio between the loss modulus and the storage 
modulus of said Composition; 

- an elastic retention on spandex fibers (300%) or natural latex rUbber (200%) after 4 h at 40''C of 70% or 
more; and 

- a crossover temperature of 95'*C or iess. 

2. The hot-melt adhesive composition as claimed in claim 1 wherein tiie tackifying resin (b) has a Ring and Ball sof- 
tening point of SO^'C to 1 SO'^C, and is a resin or resin mixture selected from: 

(a) natural and dimerized. polymerized or otheoArise modified rosins; 

(b) polyterpene resins; 

(c) copolymers and terpolymers of natural terpenes; 

(d) polar or othenwisemodif ied terpene resins; 

(e) aliphatic petroleum hydrocartx>n resins; 

(f) aromatic petroleum hydrocai1x)ns; 

(g) aliphatic/aromatic petroleum derived hydrocaitx)ns; 

(h) polar or othenvise modified aliphatic and/or aromatic petroleum hydrocarbon resins; 
and hydrogenated or hydrotreated derivatives tiiereof. Including any mixtures thereof. 

3. The hot-melt adhesive composition as claimed in any of the preceding claims wherein the tackifying resin (b) Is a 
partially hydrogenated aromatic hydrocarbon resin having the following properties: 

(i) a Ring and Ball softening point (R&B) of 50''C to ISO^'C; 

00 a mixed methyfcyclohexane aniline cloudpoint (MMAP) of lO'^C to 75''C; 

(iii) a Di-Acetone Alcohol cloudpoint (DACP) of ZS'^C or less; 

(iv) a z-average molecular weight (Mz) of 1 0,000 Dalton or less and 

(v) a UV ak)sort)ance at 268 nm (UV alpha) ranging from 2.0 to 5.O.. 

4. The hot-meft adhesive composition as claimed in any of the preceding claims wherein the tackifying resin (b) is a 
partially hydrogenated aromatic C9 hydrocartx)n resin having tiie following properties: 

R&B softening point (*C) : 100 ± 5"C 

MMAP (*»C) : 52 ± 5**C 

DACP C'C) : 2 ± 5X 

UV-alpha 268 nm : 2.9 ± 0.2 

Mz (Dalton) : 1.500 ±30% 
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5. The hot-melt adhesive compositi^^cording to any of the preceding claims characterized in tigtthe the styrenic 
block copolymer (a) Is selected 

(a*) copolymers wherein the respective monomeric moieties are arranged in an afternating sequence having 
5 the general sequence of A-B-A or A-B-A-B-A-B-; and/or 

(a") teleblock copolymers wherein at (east three branches radially extend outwardly from a central hub, and 
wherein each of the branches have terminal blocks "A" and an elastomeric segment "B" In the center: 

wherein "A** represents a non-elastomeric block based on polystyrene, homopdymers or copolymers of vinyl mon- 
10 omers, alpha olefins, alkylene oxides, acetals and urethanes and "B" represents an unvulcanized elastomeric block 
derived from isoprene. butadiene, vinyl isoprene or vinyl butadiene, and modified and/or hydrogenated versions 
thereof. 

6. The hot-melt adhesive composition according to any of the preceding claims, wNch further includes >0 to about 
15 1 50 parts by weight of (c) a plastidzing oil. 

7. The hot-melt adhesive composition according to claim 6 wherein the plasticizing oil (c) is selected from one or more 
conrpounds of the group naphthenic4>araff inic oils, olef inic oligomers, low molecular weight polymers, vegetable 
and animal oils including glycerol esters of fatty adds and polymerization products thereof, liquki resins and hydro- 

20 genated versions of the above compounds. 

8. The hot-melt adhesive composition according to any of the preceding claims which further Indudes >0 to about 4 
parts by weight of (d) a stabilizer. 

25 9. The hot-melt adhesive composition according to any of the preceding daims which further includes 100 or less 
parts by weight of (e) a viscosity modifying aromatic resin having the following properties: 

- an R&B softening point of 50^C to 150^0; 
an MMAP cloudpoint of 20°C or less 
30 - a DACP cloudpoint of O^'C or less, and 
an Mz value of 1 5.000 Dalton or less. 

10. The hot-melt adhesive composition according to claim 9 wherein the viscosity modifying aromatic resin (e) is 
selected from: 

35 

(e*) aromatic petroleum hydrocaribons; and 

(e") polar or othentvise modified aromatic petroleum hydrocarbon resins, induding copolymers and terpolymers 
of aromatic petroleum hydrocartx)n resins with vinyl monomers and/or acrylic monomers, and mixtures thereof. 

40 11. The hot-melt adhesive composition according to claim 10 wherein the viscosity modifying aromatic resin (e) is 
selected from copolymers and terpolymers of styrene. vinyl toluene and (alpha)-methyf-styrene. 

12. Use of an aromatic hydrocartx)n resin as defined under (e) in any of daims 9 to 1 1 as a viscosity modifier in a hot- 
melt adhesive composition. 



45 



SO 



13. Use of a hot-melt adhesive composition according to any of claims 1 to 11 for the manufocture of disposable soft 
goods and/or laminates or composites of light-weight materials. 

14. The use according to daim 13, wherein the hot-melt adhesive composition serves 



as a construction adhesive for bonding polyethylene to a nonwoven and absorbent pad; aixf/or 
as an adhesive for attaching landing strips; and/or 

as an adhesive for bonding the elastic material to a polyolef inic backsheet in the leg and/or waist area; and/or 
as a core adhesive to increase the strength of the core and/or 
55 - for bonding a non-woven material to the backsheet of a diaper and/or 
as a multi-purpose adhesive. 

15. Use of a hot-meK adhesive composition according to any of claims 1 to 1 1 for the application t>y extrusion or spray 
techniques. 
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16. A partially hydrogenated hydrocarbon resin having the following properties: 



(a) a Ring and Ball soft^BK»nt (R&B) of 50«C to ISO^'C; 

(b) a mixed methylcydonSBne aniline doudpoint (MMAP) of ICT'C to TS^'C; 

(c) a Di-Acetone Alcohol doudpoint (DACP) of 35^0 or less; 

(d) a z-average molecular weight (Mz) of 10,000 Datton or less and 

(e) a UV absort^ance at 268 nm ranging from 2.0 to 5.0. 



17. The resin accoiding to daim 16 wherein the R&B value ranges from 60''C to 140^*0. the MMAP ranges from 20''C 
10 to 70^*0. the DACP is 25'*C or less; the Mz is 5.000 Dalton or less, and the UV absort>ance at 268 nm is 2.7 to 3. 1 . 

18. The resin according to claim 16 or 17 wherein the R&B value ranges from 75**C to ISS^'C; the DACP is IS^'C or less 
and the Mz is 3.000 Dalton or less. 

15 1 9. The resin according to any of claims 1 6 to 1 8 which is a partially hydrogenated aromatic C9 hydrocart)on resin hav- 
ing the following properties: . 

R&B softening point (*C) : 1 00 ± 5**C 

MMAP(«C) :52±5^C 

20 DACPCC) :2±5«C 

UV-alpha 268 nm : 2.9 ± 0.2 

Mz (Dalton) : 1.500 ±30% 



20. Use of a partially hydrogenated hydrocartxxi resin according to any of claims 1 6 to 1 9 as a tackifying resin in a hot- 
25 melt adhesive composition. 



21. Use of a partially hydrogenated hydrocartx>n resin according to any of claims 16 to 19 for the preparation of a hot- 
melt adhesive composition for spraying applications. 

30 22. Use of a partially hydrogenated hydrocart>on resin according to any of dalms 1 6 to 1 9 for the manufacture of a hot- 
melt adhesive Composition for disposable soft goods and/or laminates or composites of light-weight materials. 

23. The use according to dalms 20 to 22. wherein tiie hot-melt adhesive composition serves 

35 - as a construction adhesive for bonding polyethylene to a nonwoven and absorbent pad; and/or 
as an adhesive for attaching landing strips; and/or 

- as ari adhesive for bonding the elastic material to the polyethylene in the leg and/or waist area; and/or 

- as a core adhesive to increase ttie strengtfi of the core and/or 

for bonding a non-woven material to the backsheet of a diaper and/or 
40 - as a multi-purpose adhesiva 

24. Use of of a partially hydrogenated hydrocartx>n resin according to any of daims 16 to 19 for inparting one or more 
of the following properties to a styrene-containing hot-melt adhesive composition: 

45 - a viscosity at 1 20*'C of 60.000 mPa.s or less and/or 

a tan 5 value of 3.5 or less, wherein tan 5 is defined as tiie ratio between the loss modulus and the storage 
modulus of said composition; and^or 

an elastic retention on spandex fibers (300%) or natural latex rubber (200%) after 4 h at 40^C of 70% or more; 
and/or 

50 - a crossover temperature of 95''C or less. 

25. A process for preparing a partially hydrogenated hydrocarbon resin according to any of daims 1 6 to 1 9, comprising 
the following steps: 

55 (a) Friedel-Crafts polymerization of an unsaturated aromatic feedstream predominantiy containing monomers 

having 7 to 10 cart)on atoms 

(b) Partial hydrogenation of the polymerized feedstream in the presence of a catalyst to ot>tain the desired 
MMAP, DACP and UV absortjance values; and 

(c) if necessary, sti-ipping tiie partially hydrogenated polymerized feedstream to acQust the R&B softening point. 
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